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INTRODUCTION. 


Tho Chemical Section has continued to dovote attention to soil 
mechanics ^ith particular roicrenco to canal bank and earth road 
construction. Tho apparatus of Proctor for determining tho mois* 
ture— compaction relationship has been improved and has given re- 
sults that arc likely to bo reliable in practice. A largo number of 
earth roads have been examined during tho year and jt appears to 
have been established that below about 20 per cent clay, the tendency 
of the road is to bo bad while above this clay percentage, the road 
is generally good. It should be realised, however, that a good road 
in dry weather is generally a bad road in wet weather, so that the 
above conclusion only applies to dry weather conditions. 

Tho Physics Section has been continuing its investigations on 
the detection of cavities under weirs. The wireless method was 
abandoned on the outbreak of war and the use of a vibrometer tried. 
This has now been sho^Ti to be unsuccessful owing to the great thick- 
ness of the floor and the difficulty of imparting vibrations to it. A 
method now under investigation is based on the electrical conductivi- 
ty of soil saturated with water compared wth the conductivity of 
water alone. The apparatus is now imdor trial at Balloki Weir. 

The negative pressures developed in soils have also been under 
examination. It has been shown that the simple capillary tube hypo- 
thesis cannot be applied to soils. The investigation may have an 
important bearing on the interpretation of well readings especially 
those taken during the hot months of the year. 

' The properties of the Field Moisture Capacity Zone in a soil have 
been studied. It has been shown that if this zone is present in a soil, 
as it usually is under irrigated conditions, then it is impossible for 
evaporation at the soil surface to produce a true lowering effect on the 
level of the water-table. It may, under certain conditions, produce 
an apparent effect due to the development of negative pressures in the 
surface layers of the soil. Another important conclusion to be drawn 
from these results is that salt in the water-table cannot contribute 
to ilmr formation so long as the zone of field moisture capacity is 
present. 

The silt survey of the Lower Chenab Canal has again been car- 
ried out and the results analysed. These may be summarised as 
follows : — 

Upper Gugera Branch . — Tho bed of this canal is now mostly in 
scour and there are very few signs of silt movement. 

Lomr Gugera Branch.— 'pie actual slopes are steeper than those 
required and silt movement is taking place. ^ 



Buraia Branch —The slopes are steeper than those required indi 
eating silt moi ement on the bed It appears that a large quantitj ol 
Blit has entered the branch. 

Mam Lvic . — The bed has scoured to B D 40,000, is stable between 
B. D 40,000 and E. D. 75,000 and below tins the slope is steeper 
than that required on the remainder of the Main Line Silt movement 
13 tahing placed below E D. 75,000 

Jhang Branch . — Very little siltmg is taking place 
Bahh Branch , — The calculated and actual slopes agree There 
IS very little silt moi ement. The quantitj' of coarse silt entering 
the Branch is small. 

Mian Ah Branch — The slopes are steeper than enlcuhtod Silt 
moi ement is taking place and there may be some silting 

An attempt has been made to collect data from the silt obsonn* 
tion sites on various canal system for the iiiieotigation ofLacoj’s 
" Shock "Theory The sites have been dinded into four groups with 
difCenng clinractenstics with refcrenco to shock The data have boon 
evnmincd but so far the results do not support Lacey ’s shock theory m 
its present form 

Attempts halo been made to improve the methods of sampling 
both bod and suspended silt A senes of samplers was evnminodfor 
consistency m results An unportant point discolored is tlinl the 
streamlining of a sampler is not essential to the acciirato sampling of 
suspended silt. A bed silt sampler has been tested iihich under certain 
conditions measures the quantity of silt rolling on the bod 

A largo number of problems Iiaie been referred to tho Statisti 
col Section dunng the y ear. It is difficult to siimmanso these further 
than done in the Eoport To indicate tho wide range of subjects 
dealt 111111 , the following important miestigations are mentioned — 

{a) Analysis of tho Prc'suro Pipe Observations at Islam 
tVeir ; 

(5) Tho stability of Bay a 5 and C of IClianki tVeir ; 

(c) Distribution of silt in flowing water , 

(d) Shock and Coherence in Begimo Plow ; 

(r) Silt and Scour in tho Mam Lino, Lower Jlieluin Canal , 

and 

(/) Seepage lo’ses for the Kot Nikka Distnbutary 
The ITydraubo Section bos been fully emldoyed tlirouglioat 
the 1 ear The re-modelling of the Western Jumna Canal, I lie constnic- 
I ion" of Knlabagh weir and the training worl s rtqtim d on the Sutlej 
Iliiir bale nece ntnled a " lilitr ” on the work. The report of tins 
Sretion 1 « eopioudy illustrated with photngmpbs I’liotograiilis are 
lemg imploji 1 more and more, ns it is jKwible by tbe«e to il- 
luitrate inti niiedinto stages difficult to eitract from final suneis 



Tlio Land Eeclamation Section has had a successful year having 
been expanded into a Land Bcclamation Department. The reclama- 
tion in the Suklieki area has been so successful that Government has 
sanctioned tvo further centres for 1941-42, and is contemplating 
increasing still further the reclamation operations during 1942-43. 
It is a pleasure to record tho willing co-oporation received from the 
Superintending Engineers in this work. Without their advico and 
assistance tho scheme could not have progressed in the successful 
manner which the lepoit indicates. 

An important investigation on tho use of irrigation water has 
been concluded during tho year. It has been shown that the irriga- 
tion of cotton, wheat and Senji as at present carried out by the zamin- 
dars must lead to the formation of thur if salt is present in the soil 
crust. Two crops— rice and borscem — control this upward movement 
of salt. As the available water in the rabi is not sufficient for the 
widespread giowth of berseem, rice is the only crop by which thur 
formation can be controlled. The implications of this are dealt with 
in detail in the report. 




CHEMICAL SECTION 

Soil grading as an index of stability and the Development 

of an apparatus for measuring the Optimum Moisture 

and the Soil Density at Maximum Compaction. 

A well graded «&il is one in winch the proportion of tlie different 
fraction^ arc ‘sucli that the resulting mivtiiro has the maximum den- 
sit} at standard compaction 

In order to find out if a *=011 sample has a size distribution of 
particles which conforms to a well-graded mixture, two methods can 
be adopted — 

1 Anah^e the soil inechamtall^ and compare its summation 
cune with (he optimmn gradation ciine of Hogentogler. 

2 Determine some other jiropcrl}' of the sod, such as density 
at optimum moisture, and compare it with the ^allle for the same 
property m a well-graded «oil 

The optimum gradation is expressed b} diagrams in which the 
percentage of particles smaller than a gi\en size is plotted against the 
particle size on semilogantlumc scale This reallj comes to plotting 
the summation percentage against tlie logarithm of the size One 
of these cunes is shown in Figure 1 It represents an excellently 
graded •'oil mortal. 

Another cur\e, which is an extension of that shown m Figure 1, 
18 given in Figure 2 (The curv e is shown here in broken line). Certain 
limits have been assigned to the percentage of particles smaller than a 
given size and the range of variation is indicated b\ the shaded hand. 
The lowest size plotted in Figure 2 is 0005 millimeters, one-tenth of 
that in Figuie 1 though the highest, 2 DOO millimeters, is the same 
in both the cage's 

It has been mentioned in previous reports that the mechanical 
anahsis summation cune of a soil can he lepresented bj two single 
values nameh the weighted mean diameter of particles (m) and standard 
deviation (o) 

Weighted mean size, M — The summation curv e of a soil sample 
gives the percentage of particles below any given size By taking 
the readings for two given sizes and subtracting, we can ascertain the 
percentage of particles whose diameters lie between the two sizes and 
which may very nearly be assumed ns having a diameter lying midway 
between those two sizes If this last value is multiplied by the cor- 
responding percentage, and the sum of all such products is divided by 
the sum of percentages (usually 100), we get a value for the meanMia- 
meter of all the particles contained in the sample This is the weighted 
moan size, or M, and furnishes a useful measure of the degree of 
coarseness of the sample. 



Standard deviation. — (a) Not every sami)le consists cf^parfcicles 
distributed in exactly the same way, and it is quite possible tiiat hvo 
samples -witb tbe same mean size may differ, one having a preponderance 
of particles witli diameters near the mean size, and the other with dia- 
meters varying mucli more widely. Hence it is necessary to know 
how the various sizes are distributed about the mean size, and conse- 
quently the standard deviation is'calculated as a measure of their dis- 
persion. To obtain this, the deviation of each size from the weighted 
mean size is squared and multiplied by the corresponding percentage 
and then the sum of such products is divided by the sum of the per- 
centages. The square-root of tlie quotient gives a and tlie smaller 
it is the, more uniform can the sample be assumed to be. 

If we determine (m) and (a) for the optimum gradation curve 
we- find that this numerical value is veiy nearlj' the same or the 
ratio m/a is very nearly equal to unity. Another 2)roperty of the 
opitmum gradation curve is that if it is plotted on a semi- 
logarithmic scale the sub-tangent is very nearl}’ equal a unity. 
If the horizontal scale is marked in diameters, then this really means 
that the value at T will be nearly one-ten tli of tlie value at N. Tins 

is shown in Figui’e 3. (See parts T, N, Tj, No ). 

’ A good soil mortar must contain clay and fine, medium and 
coarse silts as well as coarse sand. It is not always possible to find 
various grades of silts and sand to make up a well graded mixture with 
the soil available. If the optimum gradation curve is kept as the 
standard then the maximum quantity of the available coarse material 
to ‘be added :can be determined by plotting the soil-sand mixtures as 
summation curves on semi-logarithmic scale. With increasing amounts 
of sand added to the soil the summation curve, shifts towards the 
optimum giadation curve, until witb a certain percentage it is as near 
the optimum curve as it is possible for it to be. This will be clear 
iroin Figure 4. 

Compaction Test Apparatus. 

The compaction test seemed to offer possibilities of classifying 
soils on the basis of the iiiaximura density attainable under a specified 
set of conditions, since the entire basis of soil grading is the maximum 
density. The well-known Proctor tests for com]>action and stability, 
tbougb useful in tbe field for puqioses of control, are not sufficiently 
accurate for laboratory purposes because of the possibility of prohibi- 
tive personal error (Seo'Engiueeiing Properties of Soils by Hogentog- 
ler, page 253.) 

A modified compaction test which seemed to give more repro- 
ducible results was devised. This apjiaratus can bo used in tlie field 
■with the same facility as in the laboratory. 

j , TJio^oil compaction test apparatus (Plate 1) consists of a brass 
cylinder 7*100" and 2 •5'!’ internal diameter. It is fixed in an iron 
Irnmework in such a way that a sliding weight, of 3 kilograms which 



'Can be used as a rammer, can bo adjusted to fal I freely from any desired 
Jieigbt. Compaction of the test sample is carried out by means of a 
piston whicli can just move freely in the cylinder on which the rammer 
can bo made to fall from a pro-deteriiiincd height. Tlie piston is 
-attached to an iron disc of about I'SS" diameter for receiving the 
blows of the rammer. Tlic ]>istoa and (he disc are connected by an 
iron rod. Heading is taken by a special device which is shown in Plate 
I along witli the compaction apparatus. It consists essentially of 
an iron rod. lixed close .to the bra«s cylinder, carrying a moveable 
])ointer which can be adjusted at any point b}* the help of a screw. 
One end of the ]>ointcr (ouches the lower surface of the iron disc which 
receive*^ the ‘•troke'' from the failing rammer. As the soil is compacted 
the pointer indicates the volume of the soil in terms of the readings on 
the scale, lixed to the framework of the apparatus. The scale readings 
are calibrated to start with, by taking known volumes of soil in the 
c^-linder. Two hundred gm-?. of soil passing the 1mm. mesh 
seivc are used for each tost. Tho requisite amount of water is added 
to tile «oil and thoroughly iiiixod by hand and transferred to the cylinder. 
Tlie piston is placed in position and nine strokes are given with the 
rammer falling from a height of 2*0 feet. During this compaction 
■ tho end of the pointer is not kept under the disc of the piston. The 
piston is then taken out and any soil slicking to tlie sides removed. 
The pointer is now placed with its shorter arm under tho disc and the 
final stroke is given. Tlie reading is taken while the rammer is resting 
on the disc. Prom tho volume of tho soil the density is calculated 
and expressed in lbs. per cubic feet. A density of I’O coiTCsponds to 
C2*84 lbs. per cubic foot. At the end of each reading the soil is tipped 
out and mixed with more water and the compaction test repeated. 
A series of readings for density are obtained corresponding to the various 
moisture contents. These values when plotted give two straight 
lines one for increasing density and one for decreasing density. The 
point oi intexsection ol the two lines eorifesponds to the optimum mois- 
ture and maximum density attainable. In order to fix the working 
conditions of the apparatus certain preliminary experiments were 
carried out. These were to determine : — 

(1) The number of strokes required to bring the soil to maxi- 

mum consolidation. 

(2) The hei^lit from which the rammer should bo allowed to 

fall. 

(3) The effect of soil moisture on (1) and (2). 

Tlio results are summarized in Table 1 and Table 2. Table 1 
gives the'relation between the height from which the rammer is allowed 
'to fall, the number of strokes and the volume of the soil at optimum 
moisture (=12 percent). Table 2 gives the relation between th 
number of strokes from 2*0 feet height and the volume at various mois- 
ture contents. As a result of these experiments ten strokes from a 
height of 2*0 feet was fixed as standard. T>;pical density moisture 
content curves for a number of soils are given in Figure 5, 
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The compactiori apparatus is portable and tests can be earned 
, jiig geld ^ It has been found useful foi the determination of the 
amount of coarse grade required for soil stabilization Iiitrensiiig 
of the coaise grade are added and the densitj moisture con- 
tent curies determined The mixture giMiig the highest density 
mips the most suitable pioportion fsimilnrlj the amount of clai 
r rlei reauiied for sand stabilization can be determined iMtli tlio 
hdp of this apparatus Typicnl craves m this connection tvto gnon m 

Figures G and 7. t r .1 » i 

The effect of coaiseness of sand on the amount icquired 
to stabilize a given soil (claj 12 5 per cent) is bioiiglit out iiell m these 
fimires It will he seen tint 20 per cent of sand InMng a mean dia- 
ter of 0199 cm is lequired to bring the sod to raaMinura densitj 
uhile 40 per cent is required to produce the mn\imum densiti iiith a 
Tand of OoST cm iiJean dniiieter 

Relation between Mechanical Properties of Soil and Road 
^ Performance. 


A l^no^^leclgo of the properties whxdi oil nnportnnt in deciding 
the Biiitcbihtj of a particular i«oil for road making is of pnnie impor- 
tance iiio optimum soil mortar icquire» appro\mmtth the fol 


lowing ingredients — 



TAmthnq Dinmrler 


hamc oj /rflction 

qf 

pnrticles 

Peifcateffe 


trim 


Clflj 

{) 002 

5 

Tino sdt . . • . 

0 075 

20 

Muluim eill 

0*20 

1C 

Conr®o Slit «. 

0-C 

25 

and 

2*0 

35 


The aboic mi^tnro gi\cs the inaMmum densitj and is said to 
he uell graded The mechamcnl composition tan be (vprossed in the 
fonn of a ‘;uininntion cnr\o ” m which particlL dinmcteiN are plotted 
a« abscissT) on a logarithmic scale, with tlie corresponding total per- 
centages ns ordinatc'i on an arithmetical scale The ideal im\.turo 
Dccording to Hogonlogler is shown in Figure 8 along witli the summa- 
tion Clines of Upical Punjab '‘Oils Those soils wore collected from 
earth roa<N and tlio coiiditioii of each roicl at the time of sampling is 
indicated on the corresponding curie. An evammation of those cun os 
«how that «ods conformmg to the ITogcutoglcr tune are badl^ cut up 
imiUr tnfiiL, under the thmalic. conditions of tho Punjab On the 
other hand, foil-» fartlu''! romoied from Hogcntoglors curio arc the 
br'i ns rf^nriK road performance, A tartful examination of indiii- 
dnnl fractions, howfirr, nt onto «hows the iinjiorinncc of tho porccn- 
Inge of cla% in Iho-'C «ods. It apjunra that, the higher tho percontng 
of clnj* tho better the road under Punjab conditions. This is clear from 



Jigure 9 in -which the c\ay contents of soils collected from several 
earth roads and berms of metalled roads are plotted. The fol* 
lo-^ing concUi'^ions niaj be drawn from the results — 

(1) AHien the claj percentage is below 10 the road is alwajs 

bad 

(2) "When the cla\ percentage i*> between 10 and 20 the road 

nn} be good, or bad and niaj be described as medium. 

(3) "NMien the cln\ percentage is abo\e 20 the road is always 

good 

It must be remembered that, in the Punjab, drj conditions 
predominate and, tlierefoie, (he conclusions nio onh ^alld for the pecu- 
liar climatic conditions pre\ ailing in tliH rro\ nice It is ob^ lOirs that a 
soil with a high claj content which ma\ present a hard surface when 
dr} will bo casil} cut up when wet Howc\er wet da}s being few, 
the general condition of the road confoians to the cla} content In 
order to con\ert a dry-weather good road into an all-weather good 
road the surface ‘ihould bo treated so os to pre\ent the ingress of water 
from the top There i-^ no likelihood of an} trouble duo to capillar}' 
moisture pioMdod (he «oil is free from «aHs and the watei table is 
below the capillar} zone. Similar remarks oj>pl} to h}groscopic 
moisture which docs not cause apprecinblo volume changes in the 
abcence of harmful caU« This has been di&cussed m pie\ious re- 
ports 

A reference to Figure 8 show'j that most of the good soils lia^e 
a maximum particle size of the order of 0 1 mm and therefore they 
might fairU bo taken as mixture^ of cla^ and fine silt Coarser parti- 
cles are either absent oi raiel} inoio than 5 to 10 per cent Thus 
■these soil>i would fonu onl} 25 to 30 per cent of a well graded mix- 
ture 

Movement of Moisture in Soils. 

Tlie laws go\erning the transmission of pressure through water- 
saturated ‘Joils are well known The saturation deficit that would just 
pre\ent the pressure tiansraission i', a point of considerable interest 
Wien water is applied to a soil surface, the whole of it will be added 
to the subsoil water-table if the ‘mil is saturated ^Mien the soil is 
un^aturated a portion of the -water ina} raise the moisture content of the 
'■oil and the le^el of the water-table ina} not be affected From 
laborator} experunents conducted m glass tubes filled with sand, it 
appears that pre'isuie transmission and additions to the water-table 
ma} take place when a soil saturated to the extent of 90 per cent of 
the pere space 

It is well known tint the late of percolation of water through 
soils depends to a large extent on the method of packing Since there 
has been no standard method of packing, the permeabdit} of soils 
to water has ne\ er been gi\ en the same significance as the transmission 
constant of sand for instance Tlie difficult} of packing has been over- 
come b} the help of a compaction machine described in this report. 
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The soil li compacted m this apparatus at the optimum moisture 
Alter the standard compaofion the ring containing the soil is remoi ed 
and clamped in the percolating cjhnder with sand below and above 
the soil A fairlj' coarse sand is used as its object is to suppoit tie 
soil Since the permeabilitj of the soil is small compared to that of 
the sand, the jiresence of the sand introduces no error A constant 
piesHire head of 10 feet of water was used for measuring permeability 
One hiiiidied and fiftj grammes of soil just fill a cylmdrical ring 2 5' 
111 dia^metei and 1” long It is Letter to u=e appioximateli this amount 
of soil as it 1*2 difficult to lemoxe excess of <! 0 il and maintain a smooth 
surface 

I^or each soil, a jiaiticiilar mohtme content is necessan to 
scciuo maximum density dining compaction The rate of peicojn 
tion of ‘watei thiough a soil compacted at different moisture contents 
li IS been measured Tiie results gii en m the folloxi mg inble ^ho^ tint 
there are large laiintions in the rate of j ercolation according to the 
aiiiouut of moistuic present during compaction 
TABLE 3. 

Rate of percolation tlirough a soil block 1 inch thick and 
2 5 inch diameter under varying heads of water. 
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desciibctl in the previous report is the most suitable apparatus for t!ie 
detailed CMiiniuation of the mechanical composition of soils. It is, 
ho^^e^cr, c«'=eii(iall\ .i laboratory* method, wth limited application 
ill tlie field. A'' the detailed meclianical analysis is not needed for 
most purposes, the dc\olopment of a field method bj* ■^^hich only the 
clay fraction could be estimated was considered desirable. 

The turbidity of a clay suspension has been used as a measure 
of its concentration. The well-known nephcloraeter method consists 
in comparing the turbidity of the unknown suspension ■with that of the 
standard. A*^ this apparatus is too elaborate it is not suitable for 
field use. A simple method is to lower an object in a largely diluted 
clay suspoii'iion till it becomes imisible to the oy'e placed at a certain 
distance abo\o the suspension. A slaiidnid clay suspension can be 
used foi calibiatmg such an apparatus. The greater the concentration 
of the snspou'^ion the sinallcT will he the distance, ‘ d ' , through which 
the objtct will hnio to be lowered. There cannot, howe\er, be any 
simple proportionality between the clay percentage and ‘ d ' as the 
suspieiiMoii with greater amount of <lay would also scatter mere light 
causing * d ’ to bo gieatcr than it should be on the ground of gieater 
concentration alone. 

The Apparatus. 

The apparatus consists of a thin steel w’lre about 1 foot long 
fi\ed at the upper end to a vernier scale and at the lower end to a 
small thin circular metallic disc about 1 inch in diameter with a hole 
in the centre. The due u coated with white enamel on which a circle 
is drawn with black iiilv. The black circular line with white enamel 
as the background son es an excellent ‘ object ’ to be ^ iewed. The 
>ernier and scale are capable of tw'o independent movements by means 
of two screw*!. One sciew is adjusted till the disc just touches the 
surface of tin* suspension. The \ ernier scale tliPn reads zero. The w ire 
IS then loweied gradually’ by working the second screw till the dark hne 
becomes just ln^ isible. ' Tlie length thus lo-^vered is read by means of 
the %ei7iier scale. 

Experimental. 

In order to find the relation between ‘ d ’ and the clay content 
of a soil, varying concentrations (0 1,0*2, 0 3,0 4, 0*5, 0*G, 0*7, 0*8, 

0 9 and 1 0 per cent) of a soil were prepared. The soil used con- 
tained 55 per cent of clay . In the proposed method, a one per cent 
Boil susj)ension u piepared Tlie suspensions may' be regarded as 
equivalent to 5 5, 11*0, 16*5,22 0,27 5,83*0, 38*5, 44 0, 49*5, 
and 55 0 per cent of clay respectively m the original soil. The clay 
was separated in each ca«!e by pipetting 50 cc of the su'spension from 
5 eras, depth after allowing tlie suspension to stand tor 12 hours. 
This volume was then diluted to 500 cc., put into a wide cylinder, 
shaken, and the disc low ered into it. The value of ‘ d ’ was determined 
in each case and plotted against the clay percentage of the suspensio* 
(Figure 10). This curve «erves as the basic curv'o for clay determina- 
tions. 
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In order to determine clay contents of soils, one per cent sus- 
pensions are prepared, the clay is separated and diluted in the above 
manner and the value of d determined. The percentage of clay is 
read from the basic curve corresjjonding to the value of ‘ d Clay 
contents of a large number of soil samples were determined by the 
pipette method as well as by the proposed method. 

The results, on account of space, are e.xpressed in Table 4 as 
difference in the clay content obtained by the two methods against 
the number of soils showing the difference of that order. 

table 4 . 

Difference in clay percentage us Xiimber of soils showing differ- 
ilelermined by the two methods. cnce of this order. 

d 

S 

12 

29 

49 

SOUBCES OF EBEOE. 

Errors toUh soils of high clay contents. 

' It would appear from the curve (Figure 10) that with soils 
rich in clay, the method becomes less sensitive. It has been found, 
however, by e.-sperience that the point at which the ‘ object ’ becomes 
invisible in such cases is very sharp and ‘ d ’ can be determined with 
a great degree of precision. If de.sired the method may be modified 
by altering the dilution. 

EBBOES ON ACCOUNT OF DIFFEBEiNT COLOUES 
OF SOILS. 

The colour of the susi>ension would appear at first sight to 
affect detenninations by this method, but as the suspension is very 
dilute, the colour factor does not influence the results. In Table 4 
the soils selected were of all the colours available. The agreement 
between the clay contents as determined by the pipette metjiod and 
the proposed method shows that colour does not introduce an 
error. 

The method can be u.sed under field conditions with^fnir ac- 
curacy. Preciiutious .such as lowering the disc in the middle of the 
cylinder, using similar types of cylinder, keeping eye always at 
approximately fixed distance above the suspension should be token. 
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PHYSICS SECTION. 

The Detection of Cavities under Weirs by the Impedance 
Method. 

It was reported Inst 5 ’ear that investigations on the detection 
ol cavities nnder wcirs by the \ibroineter method were in progress 
at the Basul Headworks. This method, however, has not been suc- 
cessful for two reasons ; firstly^ it was difficult to make the thick floor 
of a weir vibrate and second!}’, where the masonr}' consisted of stone- 
work, every 'stone vibrated independently of others, so that the 
^ ibrations remained confined to the surface ot the floOr and consequent- 
ly could not re\ eal the conditions of the medium below . The method 
w’as, therefore, abandoned so far ns the problem of cavity detection 
was concerned, but it was successfully employed in measuring the 
amplitude of the vibrations of the piers and the floor at Ferozeporo 
weir causfed by the passage of railway trams. 

The solution of the cavity pioblem w’as attempted by a new 
method during the current year. Laboratory experiments had sho^m 
that the resistance of a column of sand saturated with water is indepen- 
dfenf of the grade of the sand but "varies with the packing and 
quantity of sand present. This observation formed the basis of the 
method. The method depends on determining tho resistance which 
the medium under a weir offers to the passage of alternating 
cuirent between equidistant points. 

The apparatus used consists of an a.t. source and a resistance 
measuiing bridge equipment. The fonner is provided by a valve 
oscillator, the output of which is snUab!} amplified by a one-stago 
audio-amplifier, while the latter, which is schematicallj sliown m 
Figme 11 consists of an adjustable resistance E, a lesistance wire AB, 
a teleplionc T, «ind two spocinl electrodes Pj and Pg 

The method of measurement is as follows. The electrodes 
Pi and Pg are brought in contact wuth the medium below’ tlio floor 
•t the "weir by introducing them through the grouting pipes "which 
have lecently been put in many of the Punjab weirs. II is now ad- 
justed till Its resistance is roughly equal to that between Pi and Pg. 
Finally the probe P is moved along the wire AB till there i» silence m 
the phones. The required resistance is calculated by the usual ratia 
method. 

Tlie first set of expeiiments conducted in bay No. 2 of the Bal- 
loki weir have been completed. The plan of the bay showing the 
positions of the pipes along with the distances between them i>5 giren 
iB Figure 12. About seventy measurements were made along and 
across the bay. The rc-ults are giv on in Figures 18 and 1 1. A study 
of the Figures IS and 14 shows that the medium below the floor offers 
the least resistance to tho flow of a.c. currents near the end of the slop- 
ing floor and a few' feet above the inner toe of the subsidiary weir. 
^Vhile the maximum resistance met with is 613 ohms that between pipes 
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^Jo. 38 and 89 m tins region is only 276 ohms Jlcasurements along 
thebaj shown in Figure 11 gno indications o£ low rosistanco hotween 
pipes 31 and 8j nl'o. It seems, therefore, that underneath this pait 
of the weir inurhed in Figure 11, either the packing has become leiy 
loose or we mas suspect tho e\istence of caMties. Those e\peri- 
inents are onh in the jirelmiinnta stage and predictions cannot ho 
made with nbsohife eertnlnt^, hut the results are instructno and form 
n definite ndiante in our knowledge of the condition of tho medium 
below 11 weir 

JXpcriment-. are now in progress in bajs No. 1, 8, 80 and 31 
■of the Balloki If eir 

Capillary Forces in Natural Soils. 

Farl) iiuntigntors had assumed that capillary forces m soil 
can r.ii'O wnt<r througli tonsidcmblc distances in tine soil from a 
water tnbk As the result of a senes of in\ estigations conducted by 
the 1\ ntir-logguig Iincstig.itioii Circle it was concluded that tho 
Indro'tntic pri S'urt iii tho cupdhry legion above tho water-table fol- 
lows nuiiuruall.v the same law as below it These tonclusions taken 
togetla r mean tint the iiri'sure distribution in tho region up to 
miiu fist ahovi the wall r-t ihle is gov i rued b\ simple hydrostatio 
soiisiih rilioii' 'Jlie I’hvsics .Sictioii, while loUnborating with tho 
\\ntir logging Iiivi ligntiim Cirili pointed out that thi twhiiiijuo 
of Ihi ir i \pi riinnils was not lorrcct and that a gri it deal of i onfilsion 
CM-liil rigirihiiK till ili-trilmlion of Mib oil moisture and pressuie 
A SI ri s of invi -tig itioiis wa- started both in the livid and the labor ilorj 
111 iinh I III ihiiidite thi-i probli ms 

Till lir t ‘I I ot cNpinniinls was londiiited to detennine the 
Iiigjtivi jiri -an s divelopid dm to inini-vl formed at the air-watir- 
svnd nilirfiii' in various Iv^h- of mils and sands Thi apparatus 
11“ d I- d rihf d hi low and is stiown in J i„uri 1 1 
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As the negative pressure exerted by a soil is a function of the* 
particle size, these samples -were mechanically analysed. Most of 
these analyses wore carried by the optical lever siltometor and the- 
results of these are given in Figures IG and 17. The fine samples 
were analysed by the pipette method and the results are tabulated 
in Table 5. Two of the samples, however, were very coarse having a 
mean diameter of about one m.m. and, therefore, they could not bo 
analysed in detail. 

The next phase of the investigations was to determine whether 
the negative pressure developed is a function of the length of the 
sample column in AB, since under field conditions the soil column 
extends for some distance above the water-table. The apparatus 
employed -svas similar to that described earlier in this section, except that 
the length of AB was much greater. The experiments were conducted 
with two different specimens of sand and the results are given in 
Table G. 


tables. 

Sand (a). 

Height of cohn?ui in cm. Negative pressure in cm, oj 

water. 


5 


24 

20 


25 

31 

, . 

23 

50 

Sand (b). 

22 


Height oj column in cm. 
5 

20 

31 

50 


Negative 'pressure vi cm. oj 
tcaier. 

32 

33 
31 
30 


The thirdphase of investigations arose out of the fact that under 
field conditions the moist soil is always covered with a dry layer. 
Experiments were, therefore, conducted to determine if the presence 
of a dry layer of sand in contact with the moist layer affects the value 
of the negative pressure developed in the sample.^ Two specimens of 
sand were again used, tho length of the column in each case being 
less than the capillary height. The results are shoum in Table 7. 
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sands due to capillar^’ forces and when a constant height, was^ttained, 
the readings were noted. These are given, in column (3) of |Table 5. 
TVom the analogj^ of simple capillary .tubes the values of the.pegative 
pressure and capillary height should be the same, t but comparison 
of the columns (2) and (3) shows that the capillary rise is much greater 
than the negative pressure. This leads to the conclusion that the 
simple capillary hypothesis is inapplicable to heterogeneous soil ag- 
gregates. 

The conclusions which can bo derived from* these investiga- 
tions are : — 

(a) In verj' fine soils negative pressures as high 'as 562 cm. 

(approximately 11) feet) of water can be develop- 
ed. 

(b) The negative pressure developed at the air- water-sand 

interface of a certain sample is independent of the 
length of the column of soil above it. 

(c) The presence of dry sand above the experimental sample 

does not affect the negative pressure values to any 
appreciable extent. In fact the effect is very small 
• in comparison with the negative pressures developed 

in dry sand. 

(d) Contrary to what w’ould be expected from simple capillary 

tube hypothesis, the capillary rise in a sample of 
sand is much greater than the negative pressure 
which it can develop, as the result of the formation 
of menisci at the air-wafeer-sand interface. 

The results of these laboratory experiments necessitated a 
thorough investigation of the problem of negative pressure in soils 
under actual field conditions. Experiments were, therefore, started 
in the field. 

Field Experiments on Capillary Forces in Natural Soils. 

These experiments were carried out with the help of the Roger’s 
type of negative pressure measuring instrument. The essential 
features of the instrument are shown in Figure 18. It consists of a 
thick-walled cylindrical porous pot P made of a special mixture 
i known as * stone ware.’ The ends of the pot are covered with brass 
plates B tightened together by means of a metal screw S. Between 
the covers B and pot P are rubber washers B, and Tj, T2 andTg are J 
’inch copper tubes. Ti and T* end in screw caps C fitted with rubber 
washers, W, and are used to fill the pot P with water. T3 has a rubber 
, balloon RB attached to its lower end and is connected to the pressure 
gauge at its upper end. BB is partly filled with a 50 per cent air- 
free mixture of gl5’cerine and water which effectively prevents freez- 
ing in cold climates. This device also prevents the air from entering 
the tube which would result in false readings. All the joints are 
made airtight by sealing with pressure wax. 



to stand foi 48 liours by wliicli time an eqn'libnuiu betiretn 
injde and, outside the jjoious pot is attained and tbe macom^ier 
reading is'noted. 

Samples of tbe experimental sod are taken from A ari tie 
moisture content determined. Tbe proce~= repeated Tiith d'ft-rcnt 
soil moisture contents. A =ample of scil banng a PH of y-.> acd 
containing 13'18 per cent clay, 36-4S per cent silt and 4-5‘rS jfr ceat 
sand and a sample of sand, the mechanical amlysi' for ■prin'di i- given 
in Figure 22 were examined. Four different mnrtnree haring dbi-r-n' 
proportions of this sand and so'i vatying in -tep- rf -20 per cent iretf 
studied. The results together with the compo'ttion of tie 
arc giv en in Figure 2.3. 

It is apparent from the canou-. curve', given in Figure 23 
that at low moisture content^ the rate ol deoreA-e of negatr-e po-.’-'are 
xvith increase in moisture content c- verv rapid At h.gh rn'ieture 
percentages the rate of decrea.e ot negative c“.sure -[ijirv dnvn 
tonsiderablv, =o mu' h so, that th!-* urv •" bn.iJh tend to tecome 
(,o,.jf,j,totic"to the moijtnre percentage ixi'- It i'- ■ nl; to. the cj.e of 
• and that the curve touche- the pre-.--ire axis jt a mi)istur>‘ lentent 
of 2o percent- Table 9 ehows b w ’■hi- negat.!" rir’-sttr* t aricsnith 
tbe^compoition of the sample it apurticuJ.ir imnstur' content. 

at a inoie‘nre content of 10 percent ej,,, or'uunil -ml sample 
developed a negattve pres-ttre 27 2 m. 'it mur-urt which 
oraduallv became les’ and 'csa. as the pronor'iim n. s:jnd m the 
“ample became more and more until, umill’-' in pure •sa.'jd'fc wa’ 
only^l'S cm. of mereuiy. 

Theee invesSigafciocs will he cont'iiut'd. 

Latoratory Eapierimeiits on WaCer-Tahlo ami iS'esative Frcs« 
sore,, 
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tion*! ha\c been unite and Oie results are gucniii Piguro 25. This 
-figure ‘•hoA\s tint Ihore is no region abo\c tlio ^\ater•tIlblc ^\horo the 
li\dro«tatic pre'"'ure \arics in n Mmilai nmnner to that below it. In 
■ollitr word**, the ‘•o-callod ‘•alurated cajnllar} region does not appear 
to tM-il in (he 1113**^ of ‘'Uid immedialcU above the water table to any 
apiiuciable magnitude. 

rroni llieoretita! (.oimderations of the capillar> tube analogy 
It 1 " tempting to a'i'.umc that the region immediately above the water- 
table 1 ^ compkttiv ‘•atumted but the pressure measurements given 
above «hovv that tins n incorrect and thus prove that the simple 
•capilhrv tube h>potlio-n cannot be applied to soil. 

Field Moisture Capacity and Moisture Content* 

In connection with certain experiments on field moisture 
•capicitv, It became ncce*>‘‘arv to dclerinino the variation of moisture 
content in a sand column with height above the water-table and to 
find out how (his dNtnbution chiuigod with time rourteeu tubes, 
hiving wire gauro li\cd to their lower ends were, therefore, jneked 
with the suae (vpe of under water and allowed to stand over 
lubes containing water, -o that the lower ends were dipping below the 
water «urfaco Lvcrv one of (iic^o tubes consisted of ten pieces of 
one inch boro glass 'tubing, ground at both ends and connected one 
■above the other b> means of rubber tubes Kovv, as the tube-s stand 
water is being eveporated from tlic upper regions and is being raised 
b} surface forces from below. Thus adynamic equilibrium becomes 
established between the two proces-e'> To determine how this 
•equilibrium distribution of moisture vanes with time, one composite 
tube was dismantled at the end of each month ind the mouture 
content in each of the ten sections detenmned The ro->iilts aie given 
in Table 10 

A glance at tlie table shows that up to a height of about 18 
inches from the water-table the moisture content was almost constant 
in all the tubes, but above it (litre is a lapid decrease Thus, there 
Is a distinct break from one zone to the other Further, the moisture 
distribution does not seem to be appreciablv atfetted b} time, for 
there is no marked difTiiencc between the moisture content data 
obtained at the end of the hrst and tlio sixth months 

Evaporation, Drainage and Water-Table. 

Keen, at the Eotliamsted Experimental Station, earned out 
an experiment ov er eight yeais to stud^ the effect of ev apoiation on the 
position of free water table in an initialh ■'aturated soil The long 
period required for such experiments necessitated that some quick 
method of inve-^tigating the problem should be developed. The 
jibenomenon al-o needed a thorough investigation especiallv m tlie 
light of the experiments earned out in connection with the abnormal 
r^e of wells with small «howers of rain Experiments were, therefore, 
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MATHEMATICAL SECTION. 

Report on the silt surveys of Lower Chenab Canal during 
the year 1938-41. 

The Cliief Engineer m hb lottci ^o 1079, dated 8tli Juno,. 
1937, ordered that asilt «ur\e\ of Lower Ghcnab Caml maj bo started- 
In this letter ho states — 

“ I agree tliat the change's jii rogiine brought about b} the- 
con'struction of the silt excluder at Khnnl i arc not "vtt \er 3 serious 
or «ufficiont to inu'^c alarm In tonseqiienct the construction of 
special norhs ^uch as a silt cjeLtorat Cheimwan a >*ilf di\ide amiII at 
Sagnr, oi siU clearinto of tin hiniitlics oi distiibutaiies arc not as 
jet called for All that apjH ir-* to be ntccs‘.nn at present — and 
this appears of Hit utmo'«t import mte — i- tlmt a ilo‘>p tontiut ocer 
the regime of the \arious channels pnrtitularlN of the 'Main Canal 
and Branches should be arranged” It ^\as thorcfoic demled to start 
a silt suncA of the luam cbnnnols of Lower Choinb Canal b\stcjn 
(Tigure 31) *’ 

This woik was nctuallt started m June, 1038 It consisted 

of — 

1 Halfjearlj siU surtejs earned out genenlK during the 
months of June Julj and October >o\ ember each ^eal Thoj were- 
carried out be two o\er«eer! In the^e sune\s the following inform 
ation was collected : — 

(a) A bed «amplo from tho centre of the canal at every 

mile 

(b) A water ’’ample at the same place from the central ^e^tl• 

cil at GD 

(c) AAater surface width and central depth at the same 

place 

(d) j\lile gauge reading 

2 Monthh sunea conducted on the aboae lines for Upper 
Gugera Branch in the East Circle and Dhaulnr Distnbutan m the 
West Circle 

3 Direction of flow obseraatioii« u/s of tho regulators at 
Sagai, Isanuana and Buchmna These observations consisted in 
finding the direction of flow of the bottom, middle and top currents at a 
number of points arranged in a gnd sjstem upstream of tho regula- 
tors 

4. Bed silt experivtenis tn Hafizahad Di<itnhutanf — This 
work was done for the West Circle onlv 

It wall be seen that these sunejs were started to follow the 
changes that wore taking place in the canals of Lower Chenab Canal 
system duo to the construction of ‘ult excluder tunnels at Khanki 
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Iioadwovks. It was early recognised that tlio admission of compara- 
tively Blit free water into Lower Clienab Canal :at lOianki will indues 
Hcouring. This has been amply verified by observations in the Main 
Jjine between Hianki and Sagar. (See Figure 32.) All the silt 
tliuB scoured has boon carried down into the two branches tliat bihn- 
‘Cute at Sugar, i.o., JIain Line Lower and Upper Gngera Branch. 
Luring Inst canal closure all the branches below Sagar were inspected. 
The condition ot the bod and berms in these cases are. given below. 

tipper Gugera Branch . — ^This branch takes off from the Lower 
Ghonab (laiml Jluin Lino at Sagar. Upstream of the regulator there 
i« a hilt divide wall about 3 icet high covering the' whole of the Upper 
(iiigcra Hegiilator. In the head reach of this branch up to B. B. 
'1,000 signs of a previous lining ot the canal by means of stone bal- 
last of llio size of about 1 fool are present. The canal having widened 
coiisidoralily since it was constructed the original berms lined with 
ballast form submerged slojies in the bod about 5 feet liigh from the 
central bed on oitlicr side ot the central line. Between' the top ol 
lliesn^old benns and Oio top of the now berms there is about 10 feet 
■of raised lied filled with sand on either side. This canal throuahout 
its whole length from Sagar to.Bnchiana rims through kallar sou tvad 
in (ioiiscquenec llio berms slope at a very lint angle. The bed of the 
r'tinaMs mostly in .scour and tirore are vorv few signs of silt movement. 
Tins IB shown by the nbsonco ot any silt waves. 


hoiccr Gutjera Branch, — The Upper Gngera Branch divides into 
.Loner (mgern Brnucli and Burnia Brnncdi at Bncliinna. There is na 
arrntigemcnt for proportional silt distribution at the head at Budiinna. 
Up to B. 1). 121,000 Lower Gugera Braucli the bed is remarkably 
s'ven silt waves scarcely 10 to 12 iiiclies high are seen at regular 
intervals of about 10 foet.^ The berms are failing at many places 
and in ino.-t cases oiorhnnging — the soil is stiff enough to stand vorti- 
cal. Upslreniiiof thofallatli. 1). 121,000, higher silt waves botweea 
12 melic.s to 15 inches are visible lor a distmieo ot one mile. Domr 
sireiim of ilie fall anam tlm lied becomes smooth as before fill a mile 
iip.slream ot the fall at B. D. 171,000 where the waves again boeomo 
mgli. lias eiadmues till 11. J). 210,000, below whieli all these regular 
silt ways disappear but large pits and dunes begin to appear. In 
Hiinc' places these pits are » to -1 loot deep. TJai elairactoristics oj 

u l, ’]l’'‘7)''‘iIs;mio‘' ‘"i'“'' bispedeJ 

nil to It 11. .((Kl tlOO and no cliniige noticed on the bed or berms. , . 

/la-'d.i llr,.,Hh.~ Up to ]{. ]), no.tKIO the eharnel eristics oi ibU 
(Is.ime ail' iiMire nr less Ila. B.,m,. „« (!.„s„ ,d laiwei Guger.i Br.uich. 
JPe -III w,ue- are rcealar uml of small lieicl.i 10' to 12" up tii 11. B- 
Imrinl '.i "< Hus |imiit sill waves licame bigger but alter 
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amooth — only small ripples are opticeable. These continue up to 
B. D. 300,000. The berms are of the B9me type as ii the Lower Gngera 
Branch but the soil contains more kallar. 

-Ifain Line Loner. — The Lower Clienab C.mal ^lain Lino Upper 
contmiios beyond Sagar as the Main Line Lo^ei. In this stretch, 
the bed level is all below spring level. The berms are falling in every- 
where due to poor soil and kallar. The angle of repose of the soil 
is small. The berms cannot stand at a steep angle. Tliere is no 
noticeable evidence of silt movement on the bed. 

Mian Ali Brffuch. — AX Nannana the Mcain Line Lower divides 
into three branches of winch the Mmn Ali Branch is the extreme 
left. There is a silt di\ide wall between 2 to 8 feet higli upstream 
of its regulator. In spite of tliis. Ibis channel shows unmistakable 
signs of silt movement — silt waves are regular from bead to tail and ore 
about 8" to 10" bigb. There are o\erlmnging berms at many places 
but falling berms only at a few places. Tins is due to berm trimming. 
Tlie soil IS goed excepting at a few places where there are signs of 
kallar. At E. D. G3,000 there is a diversion channel winch has trapped 
a considerable quantity of silt and, in consequence, the bed is free 
fiom silt waves for a distance of some miles downstream. 

Balk Branch . — In the head reach there is very little evidence 
of Blit movement — silt waves arc small, not more tlmn 8" to 10" iii 
heiglit. In the tail reach below 200,000 tlierc mo no silt wares — not 
even ripples. The bed is remarkably smootli. TIioio are falling 
berms and at places orerlmnging berms too. There are traces of 
kallar hero and there but not very wide-spread. 

Jha7ig Branchf Upper and Loner . — There is no evidence of silt 
movement in the bead reach but below B. D. 09,000 silt wares appear. 
They are about 4" to G" high and sp.rcod at regular interrals belrreeu 
15 to 20 feet apart. The channel coiilmucs m tins maimer as far ns 
the t.nl of the Jluing 111. mb I pper In ilu* In ul n at h wIuto fljt nu! 

full of kall.ir, till’ InTKi*' MV falling anl olomng • .i itU aiigli*, hut 
luwtr down when tliou' is little llu b rins in ni<>n* or -s m 

good toiidilion. Onh .it few pknes w.as pirious hortii iro-iou iiutite- 
.ible In .Ih.ing Br.vncl) Lower the mIi wum^ imrt*;se lu licigliL to 
8' to 10' otherwise there is no thanue — iln* berms are belter lu n 

It will now bt KMi litir Itow thc'-e obserratuus .ibout tlie 
londilioiis of the bed and larnis «»f tin c.mil wliile cIta t tn hdp m 
.nnrmg at « loirott ihUm.ite of m 1* depo^ilion and «ilt nio\eni(nt 

in till diffireni br.UKbts. AlulrM^ of the d it i ^hmis t-'lt rnon.^ 

ment and mU dti'o-itum are two ilis*iii«t nliMiouniii onie-’ tid wi'li 

t unis, if a 1 mil is gittmg ail ipnii’itx "fc.r'efiK .a 

Its h, ul und if this nit is of Muh a iiitun tin’ v n 1:' .'\ t j l•etoIIl • 
bed nh in Oil i uni, Oi» n this ilni ml will F’.iri is 

not inough to «.an} the t\tr.i qiiaiilitr of m‘: on flit Iti or if the 
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, In Table 1*2 fo 21 bed sill (UamokMS and .di’^clierges in the 
different stietclies,of the biv.iielios have. been labuiated and the cal- 
culated value of the \Yatcr surface slope, obtained from 

• *80 ■ ' 

Q »n 

SxlO =2*09 



and the actual' slopes 'di’cr the reach have been given. Each reach • 
of tlie system Ims been examined with reference to Table 12 — 21 ahd_ 
Figure 83. EesuHs will be given here in Inief : — 

^Inin Line, Upper and Tjotrer. — Table 12. — In the head reach 
lip to R. D. 43j000 the bed }»as s<‘Outed heavily and the slope has 
heodmo excessively flat. In the roiich between R. R. 40,000 and R. D. 
75,000, the bed has almost stabilized itself and tlie proper slo 2 )e has 
been' reached. Proceeding lower down, the actual slope becomes 
steeper and steeper indicating that the silt scoured from the upper 
reaches is still to lie found ifi these reaches. This was also verified 
by closure observations. 

Jhang J5mnc7i Upper. — Table 13. — Here the slopes are every-' 
wbere steeper than the calculated one.sand point to rapid silt movement 
ou the bed. Figure 83 shows that very little silting should take place 
now. This was verified by closure observations. 

Jhang Branch Lowcr.^Tahle 14.— Here also tbe slopes are 
everj’wliere steeper than those calculated and Figure 83 indicates that 
there is ' very little silting excepting in short stretches. Closure 
observation shows regular silt movement in the bed. 

Bahh Branch. — Table 15. — Here tbe slopes are almost tbe* same 
as those calculated — so that very little silt movement could be expect- 
ed. Closure observ'ation confirms this. Figum 83 points to heavy silting 
but, due most probably to tbe quantity of sill entering being very small, 
no appreciable silting is noticed. Upstream of the regulator at Nanuana 
there is a silt divide wall eov'ering the whole of the regulator of this 
branch. This may be the reason why & very small quantity of coarse 
silt is entering the canal. 

Mian Ali Branch. — Table 10. — ^Here the slopes are steeper than 
"those calculated and closure observation showed silt movement on the 
bed. Figure 33 points to very little silting. 

Upper Gugera Branch. — Table 17. — In the head reach the solpes 
are almost the same as required b 3 ’ the Institute formula 

•8G 

Q m 

• Sxl0^*=2'09 . 



Up to E. D. 95, 000 the required slopes have been attained by scourin"; 
lower down the actual slopes are steeper than the required indicating 
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silt is put to make it flush with the natural silted bed of the distri- 
butary. On the top of'each of 'these trenches a pair of K. G. rails 
runs across the distributary., These carry a trolly, from wliich sound- 
ings of the deposition of silt m the trenches (when open) are recorded. 
A series of experiments on the deposition of silt in these trenches has 
'be'en carried out. A complete report -will be submitted later. ' 

' Lacer/s “ Theory of S}ioch ** and Regime of Channels in Alliivium.- 
It is possible to 'conceive of' “ Stable channels in incoherent alluvium ” 
‘which will be subject to' no extra disturbances from the boun- 
' darj' excepting tliose generated by the incoherent alluvial nature of the 
wetted perimeter. This definition is based on the analogy of “flow 
in smooth' pipes”. Though rigorously it is not possible to have an 
'^‘absolutely smooth pipe” yet with a laminar boundary layer it is 
'possible to concehe of a “perfectlj- smooth pipe” and to apply the 
Prandtl-ICarman equation of turbulent flow for such pipes. Mr. 
Lacey is of the opinion that, similarly, in the case of “stable channels 
in incoherent alluvium”, it is possible to conceive of turbulent fluid 
flow undisturbed by any outside disturbances (Shock or Coherence). 
The wetted perimeter will consist of incoherent alluvium and will 
adjust 'its shape to internal impulses received from the body of the 
fluid. The boundary is assumed to be flexible and «eIf-formed. Mr. 
Lacey further assumes tliat Ids ‘regi me e quation’ 

V=lC®x/R^R (1) 

applies to such channels only. 

In Chapter IV of his latest publication “Regime flow in in- 
coherent nllinium” Mr. Lacey shows how equation (1) was derived 
by liim. “The writer (Mr. Lacey) in the derivation of his equation 
selects first a characteristic group of clinnnels (Al’pendix C of Mr. 
Lacej^’s Publication) of very widely \aiying materials m order to arrive 
at a pro^isional solution, and tests the pro'isional relationship sub- 
sequently by plotting tlio entire mn«s of data ainilable 

“The most eomenieut method of testing this e«iuation is to 

plot to a logarithmic base inlues of V .uul \ nines of R“S. In 
Api^eiidix D (of Mr. Lacey’s jmblication) are gneii data for a large 
number of channels in apjyrorimaic regime. In Aj>l>endix 13 (of fjie 
s.ame jmblication) an? giien hidraiilic data for riiers and forrenfi 
in quasi regime " 

“ The entire data have been plolteil by tlie writer (Mr. Licey) 
in Piguro 4, and demonstrate that tin* geiienil n*giine e<njation V=IC, 

flv/R “S fits the (lata iMth necuraev." 

In a note on VonfuMtion of Latey R«s^nine I’onnula Y=1G 

R“S submittoil to the C^nitra! Board of Im,.Mtion in July, 1040, 
Dr. Mulhotra has also analys'd llie.-e d\ta siati'tu.dlyaud arriM**! at 
the following conclusions;— 

” To hUm up, it n]ii>e.irs thU while the Licey R«-giine KonnuU 
is fairly well s.ali-fied by tlie data on which it is ba«ej, the slight 



TIio Piinjfil) Irrifjfltion Kp«oaifli In^liluto carried out the nnalyr’i 
^tali‘•li(•aIly on *12 Punjnh Cannl^ nnd obtained the folloN\in" 

v=i-]2n’ .. .. .. ..(:>) 

l>. = 2-hQ- .. .. .. .. (•■) 


.SxKv-a-nn- 


Tli(- n1>n\o cfiuiitioii"- Imvp lipcii dpriveil in tlir sniiip "ny i\< 

liaccy's Itcpiino Kqnnlion V=lfi'2^ii“S nml if the IJoRiinp liqiinlion 
n]iplics (o " Slinpk " [rpo lippiinc clinmirl'J, tlic^p r(Hinlion‘- f-lioiild n!-" 
Ill' ii|iplii'ntil(' to n'piiiic cliniiiicl'i freo from " Rliin'k 

Tlip incllioil oinploycd in nrrivinp at Kqnnlion" (1) In (7) i" Jli'’ 
uwtliod of Ipa"! rquari"! Hint 1ms for a lonp lima liwn imod for n"«ipnnc 
Iho vnlnc" lo lio Inkon mIioii flioro an- a nninlmr of inoxacl incamr"- 
monis al olioico. 

Snppo'p a qunniity •/ to be rulaled lo k unknown tonsIniiH 
X s — N, by Uio equation w=u x -k « x +. n x. "lica' 

>Y <l"antitics llml can be obbcn’cd ; nml k't 

n pels of obsen'nlion" be mndepivinp 

j7=-l«, Xj-h, “o ^o+,V‘3+ l-lVk 


■'r!-n"2 •'‘2+n":t ^1+ +„''k 
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' ’ ' Mr. Lacey in C. B. I, Publication'N6'.,20;‘ChapterT,''page 14 

has defined “ Shock ” as being due to bends or irregularities in the' 
channel and also due to^'channel condition as opposed to channel 
material. Further in Chapter IX» page 29, he has given a graphical 
representation of Shock (Figure 11) -which has been subsequently 
converted to a mathematical form by Dr. Malhotra. ^ 

%Shock = 90^/^og.(CJ^). 


^There Cr = - 


. igVe^s 

To see if these three definitions of “ Shock ” 


(1) as an error of random sampling, 

(2) as being due to bends, irregularities or channel condition, 

(3) expressed as %Shook = 90v/2- log (C ) , 

are self consistent or.not a detailed and extensive survey of the regimo 
sites of the Punjab was undertaken during the months of -November — 
December 1940 and Jnnuarj' — February in 1941. The channels were 
all in closure during these periods and the beds could bo inspected 
dry. All the sites that had been under obser\’ation since September 
1933 were re;Yisited and the following information collected : — 

(1) Cross sections of the canal at the obser%’ation sites and 
, , at every 100 feet upstream and downstream of the sites 

, I . for a distance of 1,000 feet on either side. R. L. of the 
natural surface was also taken at the same time to record 
if the channel was in filling or digging. 

(2) Bed silt samples at the centre of the cross section and soil 
'• samples from both the berms at each one of these cross 

sections. These wore taken to see if the erosion of the 
• . lienn was duo to poor soil or not. 

(8) Information about full supply discharge and slope were 
obtained from local divisions. 

(4) Photographs of tho berms and tho bed at representative 
points of the canal near tho site \vcre taken. 

(5) Sketch plans were prepared showing respective position 
of the sites at every centre noting the water level, bed 
level, dischai^e of the parent channel and off-taking 
channels on wliicli the obcen’otion sitc^ are situated. 
Notes were aUo taken of the aTrangoment of the regulators 
and their crest levels and nbo of the methods of regula- 

• tion practised. 

Excepting for one or two cases the channels were found in tho 
same condition as when observations on them were discontinued. 
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Hydraulic- data of those <;hannels_ as obtained during the periods of 
observation have been tabulated in Table 20. Along with the observed 
data, the values for S, E and P, Cx and % shock have, been calculat- 
ed from tbe following equation ; — - ■ . M 1 , I I 

. I • - „-86 

Q . ^ • » I 

Sxl0'^=2-09- 


Q 


;2l 


E = -47 Q-i 
E = 2-8 Q- 


Cl = 


8 9 

10 V R s 


%Shock = 90^/2 log (Cr) 
and tabulated. i ^ 


Some of the channels hnvo been re-grouped according to different 
degrees of shock and tabulated in Table 21. Photographs relating to 
these sites are givbn in Figures 34—45. ‘ ' ' ' 

'Group I . — Here are two channels for which tlie percentages 
of shook are almost equal though Figures 84 and 85 will show that tlie 
physical characteristics of the two sites ere totally 'different. Boln 
sites contain sand on the bed. ’ 


Group 11 . — ^All the three sites belong to the Lower Gugen’ 
Branch ; tlioj' have more or loss the same degree of shock. The upper 
site shows evidence of regular silt waves about 10' to 12' high spaced 
at intervals of 20' whereas both the lower' sites show no regular silt 
waves — instead the bed is full of sand dunes and pits ns high ns 3 feel, 
^lovemcnts of bed silt in the lower sites are much heavier than at the 
upper site. , . , 

Group 111 . — In this group there are three channels that ev 
hibit very little shock ; ns a matter of fact ono of the channels is nlino-t 
the ideal channel showing only — 0-G% shock. This channel .sbo''* 
irregular silt waves even dunes' and pits. Tlie other two sites do not 
show any silt waves or ripples though there is 1 to 2 feet of silt on the 
bed. 

Group JV . — All the channels in tins group evbibit neg.ili'^ 
shock. I'igure 42 shows the condition of IChurrinnwaln Distrihutari'. 
It lias a lot of slaking and bushing though it e.vliibits the greatest degree 
of negitive sbrek. All the channels hnvo sand on the bed between 1 
to 2 fiMit deep. 'XIjo bcriiis contain fine silt. 

Tlie values of slopes and wetteil pcriineters. actual and caicnial* 
<rifroniivinatinns(7) and ff.), are also given in Table 21. "’ilb 
oxci ption of II ft w I .iM'H, the ngnvment is quite good. 
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Sijr?i»wr»/ — Tlio abo\o nnaI}Eis and suncj ehow tlmt — 

(1) “Sliock” cannot bo looked upon as an error of random 
wniplmg It la a plnsicnl cbaracterislic of tlie cbannel 
iiuohing irregiilnnhes of bed and berms and probabl} 
dso depends on the qunntit} of silt rolling on tbe bed of 
Ibe tbannel Hence, fa\o cbannels apparently dissi- 
milar in berm and bed irregularities nia> liaio the same 
percentage of shock, os m Group I, duo to the e\tra 
quanlit} of bod silt winch tlie channel innj bo forced 
to ciirr\ 

(2) Tlie percentage of shock as given bj 90v/2 log (C-) does 

Jj 

not represent correcth the channel condition Channels 
in Gron)i IV according to this fonnulco c\Iubit negative 
shock winch according Lacej (C B I Publication 20, 
jmge 27) sbould bo due to major irregularities m th^ 
channel such as smooth portions of the banks of stiff 
tine claj and also possible smooth rigid patches of the 
bel Tins 18 not sdisficd b} Kbnrrmnwala Distributary 
tPigure 42) and Bakh Branch B D 21S 800 (Figure 4S) 
so far aS tbo berii s arc concerned There is 1 to 2 feet of 
sand on tbe bed of all the channels so tliat the second 
condition about tbe bed is also not sxtisfied 
HcpoTt on the cjfect of dratn$ on the seepage from Canals — These 
■e\penments, started in 1938, wore designed to determine the effect 
■of the presence of tlio Rechna Dram on the seepage from the Upper 
Gngera Branch which run parallel to each other at a distance of about 
1,040 feet During tho year 1938 39 the reach of the dram bet^veen 
B D 70,000 and 65,000 was investigated and it was found that at 
this distance the presence of the drain was not increasing the seepage 
from the canal During the jear under reaiew tliese experiments 
were repeated for the stretch of the dram between R D 05,000 and 
50,250 In this stretch the distance between the canal left berm and 
■the dram is about 1,000 feet Three lines of pressure pipe's were 
installed at R D G2,o00(D — line) 00,000 (E — line) and §7, 500 (F — line) 
These lines run at right angles to the dram and to the canal In each 
line there are twenty five pipe®, ‘^eaen pipes on the right hank of the 
•canal, tbe farthest being 1,000 feet from the canal, twehe pipes 
"between the canal and the dram and six pipes on the left bank of the 
dram The laj out is shown in Figure 31 At R D 62,500 the R L 
■of the bed of the canal is 680 6^ , and that of the bed of the dram 
■680 65 at B D 00,000 the R B of the canal bed is 680 35 and that 
of the dram bod 681 20 and at E D 57,500 the corresponding figures 
are 679 90 and 678 98 The water surface widtli of the canal is 100 
■feet and that of the dram is about 15 feet. 

After the pipes had been installed a canal closure from loth 
December 1939 to 8th January 1910 took place During this closure 



tlie -Hatortable fell and the obsenations taken are gi\en in Tabic 22 
These show there -Has a sloiie jn the ■water-table from tlie dram to tbc 
canal As the water-table crossed the canal winch was working as 
a drain during closure, there was a drop in the water-table across the 
canal of the order of 0‘10' along D line, 0‘25' along E line, and 
0 2' along F line 

Variable supplies were run in the canal until 27th February 1940 
when it became stead} and observations were taken on 2nd March 
1940 which are given in Table 23 The rises in spnng level compared 
with the resting levels on 8th January 1940 are given in Table 24 
From this table it will be seen that the differences in nses over the rest- 
ing levels on 8th Januar} 1940 on the left and right of the canal along 
the D lino can bo accounted for b} the drop in the resting spnng 
lev el ns the D line crossed the canal Along E and F line ^the ns’S 
in the spring lev el arc more on the right than on the left of the canal 
Toven if the drops in the resting spnng levels of 8th Januar) 1949 
across the ennui along those lines arc taken into consideration Along 
D lino the rise in the spnng level on the left of the canal was of tbc 
same order as that on the nght whereas along E and F lines the rise 
on the loft was loss than that on the right 

Now the resting water-table in this stretch has a slope from the 
dram to the canal, i o , from the left of the canal across it to the nght 
If on this sloping water-table seepage from a canal is suponmposed 
then the rise in the water table on the left of the canal will bo greater 
than that on the nght If the water-table had been lionzontnl and the 
seepage from the canal were superposed on it then the presence of a 
dram on the left would reduce the nso in the viator table on the left 
ns compared to the nse on the nght Hence, the eMstence of a slope 
in the water table introduces a nse in the water table on the upstrcaia 
side while the jircsonce of a drain reduces it 

In the present case along D the above two effects counteract 
each other so that the influence of the drain is small ns compared i«th 
the effect of the sloping water-table But along lines E and F the 
influence of the dram appears to predominate over that of the sloping 
water-table To find out to what c\lcnt tins was the case these m 
vestignlions were evtonded to chmiimto the effect of the dram Tin' 
was done In constructing onrtlicn walls in the dram so as to diude 
It into compartments mid to allow the water to head up Thc'c 
(Oinparlinents were iiiadi smh that the lines of obsenniion pipes 
I, and 1 crossed the centre-, of their respective compartments The 
construe lion of the < ompartnieiils was done on 18th Jfarcli lUd 
Till) wall rice els ni the dram and the pipes rose but thov did not become 
hteiid) still ITIli April l‘U0 as ihcsupplv in tbo laiial liad been lliiclnat- 
mK^'onsiileniblv Table 25 gives the water levels on 17th Apnl 

1 mill Table 2 * it will bo seen that the canal supple level rti'e 
b) 0 r,7 foil bitwien 2nJ March 1910 and 17th kpril 111 10 Mien the 
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supply became 'steady. ‘This 'rise would mtroduce a rise'of*atbufe 
•10 feet in pipe'No. 1 (See 1988-39 Eeport’ of the observations on pipe- 
lines, A, B and C;in this connection.) Instead of a rise, water levels' 
in the pipes on the right of the canal away from ’the influence of the 
drain went douTi by 0*4 feet in D Iine/0*88 feet in E line, and 0*58 
feet in F line. This ‘must be due to a general drop in the water-table 
during this period, . This general drop in the, water-level in this area 
may he taken to lie between. 0*43 feet to 0*68 feet from 2nd March, 
1940 to 17th April 1940. If now tliCigeneral water-table is raised by 
0*5 feet along D line, *43 along E line and *68 along F line, then the- 
water levels in the pipes between the canal and the drain (Pipes Nos. 
9 to 19) will be raised to different amounts. These rises in D line 
will be of the stime order as the rise in the canal level in this 'period. 
Along E and F lines, these rises will be more than the rise in the canal 
level. The rises near to the drain are considerably higher but this 
is onh* natural as the presence of the drain when it was functioning 
as a drain had produced a d^aw-do^\n which vanished as soon as 
the drain was closed. 

Thus the presence of the drain between B. D. 63,750 and 61,210^ 
does not affect the seepage from the canal, between JR. D. 61,250 and 
56,250 there are indications to show that the j)resence of the drain 
does affect the seepage from the canal. 

Combining this year’s data •with the data from observations 
carried out during the 1938-39 it can be concluded that : — 

(1) Between R, D. 71,250 and 61,250 the presence of the drain 

does not affect the seepage from the canal. 

(2) Between E. D. 61,250 and 56,250 tliere are indications 

to show' that the presence of the drain does affect 
the seepage from tho canal. 

In the reach between R. D. 71,250 to 56,250 the drain runs 
almost parallel to the canal at a distance of about 1,000 feet. The 
difference in behaviour between tho two reaches (1) and (2) is most 
probably due to a difference in the soil lying between the canal and the 
drain. 

This indicates that soil tyjic should be taken into consideration 
in fixing the alignment of drains with reference to canals and that no 
hard and fast rule can be laid down for the distance between a canal 
and a drain so that seepage is not influenced by the presence of tlie 
draiti. 

- 1. Comparisons of tlijfcrent types of suspemkd silt samplers . — 

In order to obtain samples of su‘5i>ended silts in canals and rivers the 
apparatus that is genemlly used is known as “Bottle Sampler”. It 
‘consists of one litre bottle fixed to the end of a pipe with an external 
arrangement for opening and clo-ing tho bottle while it is under water- 
This bottle Ls held in a cage whose height is .ibont 7 to 8 inches. la 
order to take samples of water, (he sampler is lowered to a certain 



depth, and then opened. Water enters the bottle and it takes generally 
15 to 20 seconds to fill when the stopper is replaced 'and, the sample 
is taken out. It has been contended that as the sampleij catches water 
not from a filament of flow but from all sides, samples collected by it 
will not be representative. Attempts, therefore, have been made to 
devise an apparatus that will not be open to these objections. 

, Sanijpler No. 1 . — ^This has been devised by 'Dr. H. L. Uppal 
■of the Eeseart-h InstitiitA ' It consists of a streamline -body with a 
moveable diaphragm' shutter. It is placed -with 'its opening facing 
the flow. 

Sampler No. 2. — This has been devised by. Pandit Jagat Ham 
■of the Eesearch Institute. It consists of a rectangular bo'i with a 
moveable rubber flap shutter. It is placed with its opening facing the 
flow. . I , 

Sampler No. 3. — This sampler was devised bj^ Mr. Binkley of 
the United States Geological Survey and is used there extensively. 
It consists of a long brass tube (5" diameter 8" long). The tube is 
■extended by attaching 6' length of motor car rubber tube on either 
■end with two brass rings of the same diameter (5") at the two extre- 
mities.' The sampler is closed by twisting these two tubes. The tubs 
is pilaced along the direction of flow. 

Sampler No. i . — The sampler has been devised by Dr. A. N- 
Puri of the Irrigation Eesearch Institute. It has-no '{iretension to 
streamlining. It consists of two halves of a hollow sphere that are 
separated by means of a siiring which can be released while taking 
samples. The sampler is lowered to a certain depth and the two 
halves are closed trapping the sample. 

It was decided to compare the i-elative accuracy and efficiency 
of these live samplers. These experiments were carried out at B- B* 
143,000 of Lower Ghenab Canal Afain Line Lower 'when the depth 
■of water was 8-5 feet. A vertical about 70 feet away from the right 
hank of the canal was chosen and s.ainple 3 with different samplcW 
were taken at -ID starting from the surface. The whole series of 
observations took about a week and tliey,weie conducted in the follow- 
ing maimer. .\s each of the samplers contains about two liters, throe 
fillings were taken and mixed together giving about 0 liters. 'U'O 
hulk s.amples was analysed for coarse anti modiuni silt. In the case 
of the bottle samples six fillings were taken and mixed for analysis- 
Lirst of all, one sampler (Ko. 8, Binklev sampler) was chosen and coni- 
paicd w ith the bottle sampler. At - ID a'samplo was taken with the bottle 
sampler and immediately afterwards a sample with Binkley sampler, 
then another sanijilo with bottle samplor followed by a sample with 
liinkloy i‘ain])lor ; this coinhinalion was repeated once again. 
teU of g pairs of ^\ith tho bottle sampler and samplers 

1, 2 and •} were repeated on the same day. TJio total time taken u}' 
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A proper comparison between the four samplers can‘be made b/ 
taking their differences from the bottle sampler. These are gi\ei/ 
below' in milligrams per litre :• — (, 


li 1 

Pepth 

Sampler 

No, 1. 

Sampler 

No. 2. f 

Sampler 

No. 3. 

Sampler 

No 4 

•ID 

' 8 ' 


40 

37 

•2D 

45 


1, 41. 

54 

•3D 

49 


27 

53 

•4D 

35 


28 

14 

•5D 

42 


—6 

I 1 19 

•6D .. ' 

—14 


' 68 

< 41 

•7d' 

30 


33 

' 71 

•8D 

43 

fiO 

/ —2 

30 

•OD 

‘ 82 

236 

83 II 

43 


This table shows that sampler No. 4 gives the most consistent 
samples. 

From Table 32 it -will be seen that sampleis Nos. 1 , 3 and 4 
are giving comparable values. The bottle sampler ahvaj s gives higlief 
values and sampler No. 2 always lower. 

Conclusions . — From the above results it appears that it is not 
necessary' to streamline tlie apparatus. Sampler No. 4 which 
^ orj* far from being streamlined gives results that compare as favourably 
as any of those streamlined suCh as Nos. 1 and 8. This is becnu'C 
of tlie fact that duo to turbulence in the canal w'ater silt particles do 
not flow' in streamlines ; they are thorough!}* mi\ed up in the body of 
the fluids except >eiy close to the bed ; and, in consequence, it i*’ not 
nccessaiy to collect the samples in stream tubes. 

It is important that a reliable sampler should have the following 
characteristics : — 

J; — HcliahiWy . — Correctly representing the qunntity of silt in 
suspension. This is done by samplers Nos. 1, 8 and 4. 

■ff* — Con’n<;le7icy . — Variation fiom tlio tnie value should be 
small ns po^ciblo. Samplers Nos. 2 and 4 give the least \nrintion«' 
of iror/;i»^.— The .samplers should bo c.i«y to 
work. Samplers Nos. l and 4 are the easiest to work. According 
tlie O'cr^eer who worked those samplers, sampler No. 1 is liable to be 
dninnged while working. 
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' jr . — Time nml quantity of sampling. — ForJ’ioltl ^vorU it is 
important to liavo snmplorfi that will tnKo n short timo to till, nncl at 
Iho Fame time give a large volume of the Fnniplo. Sampler No. 2 is 
the he«l in (his respect. ‘ , 

CoiLsidcring. nil the above characteristics it appears that 
Sampler No. 4 is (ho best. It will require the following moditicalions 

(1) The diameter of Uio sphere should bo increased bj* 20 

' ■' per cent so that the quantity of the sample will bo 

about 4 litres. . , 

(2) The method of opening the t-Nso hemispheres should bo 
’ altered to give more rapid opening. 


A note on the efficiency of the Silt Excluders in the Left 
Pocket of the Headworks at Trimmu. < (1939 summer.) 

Silt obscr\*ations at Trimmu Headworks were commenced in 
^aj 1939. They con*5isled of : — 

(1) Bottle sampling in tho boils do\\'nstream of tho undersluices 
gates — 5 bottles in each bay of tho under-sluices were 
collected and mixed tc^ether. This constituted one 
‘ ' sample which was analysed for coarse (>'2mm. 

diameter) and medium (>*07,<*2mm.) silt, 

^ (2) Bottle sampling in tho boils downstream of canal regula- 

tor — 5 bottles in each bay constituted one sample. 
They were treated in tho same way os in (1). 

(3) Bod samples were collected from the Haveli Main Line 
>, Canal at R. D. 1,000 twice a week and one bed sample 

.1 ' from tho left excluder pocket at R. D. 475 on some 

. occasion. • Tho mean diameters of these are given 

in Table 3C. 

Four samples from tho four bays of the excluder left pocket 
were analysed s.epatatcly and the means of the intensities of coarse 
and medium silt were taken. Similarly for the four non-excluder 
bays and the five canal regulator bays. These have all been tabulated 
in Table 33. 

In a note on silt observation at Trimmu and Sidhnai Headworks 
sent to tho Chief Engineer, it was remarked that “Apart from the 
question whether these boil samples give a representative sample 
for the whole bay or not, there is another difficulty in collecting samples 
fiom the boils of the tunnels. Sometimes the downstream water level 
is so low that no boil is formed and samples have to be collected from 
0'6D of the water flov.'ing on the down-stream floor.” Duringthesum- 
merof 1940 a set of parallel observations was arranged by taking bottle 
samples in the pocket upstream of each tunnel to test the representa- 
tive character of the boil samples. As very limited data could be 
obtained during 1940 these observations will be carried on during the 
summer of 1941 also. 
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is necessary to point out here that the silt excluders generally 
serve two purposes : — in 

(r) They exclude the coarser grade of the silt found in the 
nver pochet. This is due to^the fact that heavier 
‘ ‘ grades, of silt are geherally found in the lovVer layers 

' of water'. This will be 'the case 'if the river water is 
' ' sufficiently stilled before the tunnels of i the excludes 

' ' are reached. ' From tables 84 and 36 it will be^ seen 

that when there rs a flood in the river the silt is se 
' 'churned up' that there is practically no difference m 

the maximum diameters of the bedjsilt obtamed fn® 
the pocket and the canal at K. D. 1,000. This em- 

‘ . 1 jifl .'•£ cienoy will b4 called Qualitative Effioienoyjand has bMii 

(. 1 -ri r- ir • obfdined'hy comparing the maximum diameters of the 

1 two bed samples. This is given in Table 86. 

(ri) They exclude a certain volume of the silt in suspension 
I I ' I Efficiency in this case is called Quantitative Bffieie®! 

1 ‘ and is obtained by comparing the intensities of conrse 

' ' and medium silt m the samples collected from the bon* 

. - ' of the tunnels and the canal. This is given m Tnlilei 

83, 84 aiid 35. 

In. calculating this Efficiency the following foimiita given hf 
Jlr. Haigh in P. E. Congiess Papei No 311, page 168, 1038, has been 
used : — , 

' Intensity of silt in Flume— Intensity in Canal ^ 

) F 

^ Intensity in Flume 

This has been calculated for coarse and medium silt sepniatelp 
As the intensity in tho flume was not directly ohserv ed it has be 
calculated from the formula — 


'^c ^ \ + ^t + ^t 



■whore = Discharge in flume =:Q^-f Q^. 

= Discharge in canal 4“ Discharge through tunnels antl'^ 
tho rcspcclhc intonsitic'?. 

Coarse silt . — It ^\ill be seen from tlio Table S3 thot 
for coarse silt \nries from nil to SO per cent and the ^a^iatlon‘^ 
apparently erratic. To understand ^^hy this is so ^\o s)iall ha'O 
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aunlvFe the limit of experimental error invohed in thesilt observa- 
tions. 

Limit oj Lxpcrivifntal Lrror . — ^Thc quantity of coarse silt ob» 
tained from each sample of 5 bottle^ are put in a silt measuring tube 
A\hich is capable of reading u]» to *01 0. 0. Tins apparatus lias a 
constant crroi of *0*2 C. C. Hence the Pinallest quantity that can 
read in the tube is *03 C, C. or *042 gms. So that for a sample of 
.5 bottles, each one htic, the mtiiimuin intensity of coar.so silt that 
could he measured ^\ould ho *0031 gm./litre. If the intensity of, silt 
in the ^^ater falls bcloN\ this point it vsill bo necessary to take more 
bottle^. , 

It ^^ill 1)0 seen from Table 33 in ^\hich the results of silt sampling 
for the month of June to September 7th are gicen that about 50 per 
cent of tlie data hn\c to bo rejected as the intensity of silt is belovr 
tiiis limit. Before the iiumboi of bottles of samples could be increased 
It will ha^e to be determined whether by extending the penod of 
Sampling which will be neco'^nry if more bottles are to bo collected, 
the reprO'entatiNO character of the samples is not affected. This ex- 
periment will he carried out next summer. 

In Table 01 arc given the data which remain after rejecting 
J]>use ebsenatjons gi\cii in Table S8 jd which the intensity for coarse 
silt in the canal or tlio tunnel fade below the above Imut *0084 gm/ 
Jit re. 


In Table 81 it will be se^n that— - 

fl) The Efficiency of the exclndei foi coarse silt vanes from 
0*9 to 72 per cent. 

(2) The efiicieiiCj' is -verj low for high pond. High pond. 
IS accompanied bj high m*er and more Silt content. 
In Ingh river there is more turbulence and hence all 
the silt IS churned up moie uniformly leaving piacti- 
tallj no difference in silt content between the water 
whicli is flowing on the lop of the tunnels into the 
canal and tlie bottom water which flows into the 
tunnels Tlie pond was raised evidently so as to^ 
flatten the slope towards the pocket but whether this 
had any effect on the sdt entering the pocket cannot 
be determined .ns no observation of silt m the river 
exists Companson with the data for the non-tunnel 
pocket does not throw much light on this. It appears 
that for river discharges aboye one hundred thousand 
cusecB when the pond was kept high the silt excluders 
were not of much use. Their efficiencies dropped ta 
very low values. 
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. (8) Data for doys of logli pontf levols liiwe boon rojootod from 
Tnblo 81 and tbo data for the romainmg poriod tabu- 
lated in Table 85 and plotted in Figure 4G against the 
following ratio: — 

Canal Disobargo 

1). R. = : 

Tunnel Disebarge, 

l^oin this it wilt be seen tbat for the days when tbe effort, ot 
bigb river is not felt the Effieieney for coarse sill increases as tboDis- 
cbarge Ratio decieases. R is not possible from tbe present data to 
say up to wbat value ot If. R. tbe Ellloiencv increases, A fresh set 
ot observations during next summer will be arnniged to settle Hat 
point . 

,dfrtiimu SiU , — Snuilai :\nalyses carried out on tbe data courcnn 
iug medium silt show tbat tbe values ot tbe Efllciencies bore alsaaic 
very errsdic but the motbod tbat was adopted in tbe case ot coarse 
.silt docs not bring out any ooler, Tliis may be duo to tbe fundamental 
vblTerence m tbe oxperitnental inolbods employed in analjc'sbrg tbo coara' 
and tbo ntediinn silt, Tbe coarse components are separateci by pono 
ing tbe sample tbrougb tbe 100 mesb sieve— tbe amount that is held 
on tbe sieve is c.allecl coarse'. Tbe medium component is separated 
from tbe fine by a process ot sedimentation from tbe tlnid tbat passe-s 
Ibrough the 100 mesh s^'ive. Tbe results obtained bv tbo process 
of sediment at ion are apparently less reliable Iban those bv the proec'ss 
of siovuig. 

Recomineiidofion.— It is proposed to earty out tbe tollowii'? 
SiWies ot experiments in tins connection during tbe sunnuer of 


(1) To fiuu the otTeol ot inereasing tbe number ot bottles 
for eadt s.imple on tbe values of tbe intensities. Rns 
Will lie* tlciio for ditTorout nxiigos of river di?olinTgON 

(8) To find tbe effect of ebatiging tbe Risebarge Ratio on 
Hie Ellicioney dnruig Hood disebatges. 

iS) To find tbe cbaiige in Eliicieiirv for veir low values ei 
Discharge Ratios. 


8nrinorp.- 
of Tmmmt Barrag 


-11 orbing of tbo Silt exebuler in tbe left poebet 
:e has bivit analysed for tbe snnimer of 1888— 


Tills shows that : — 


(1) far ns the Qualitative F.ffieiencv is coneennvl, it is 
very Ingh. Tlie niaximitm diameters of the sill I'l 
the ]xirket and in tbe Haveli Main Line Canal are 
nlmost identical. 



£rr/cieNCY or>T/Lr cxcLuo£/?p ^ay£i/ ma//^ j./a^£ 

COA^SX S/CT tf-J3 TO 5-J> 


rt 



t/'O 


£:i 




19 


(i) Wlion tlio III ill! ri\cr i*? al)o\«‘ 100,000 uiscr*; 

llin Qiniitil'itno Iiir • sill (ns inoisiircfl 

In th^' fnrmiil V In Afr. hi^ P. P Conr'rc'?*? 

Pipf’r No 211), !*> \in I<im, ^.lr\ll)g from ml to 8 
or ** por (put. 

1 ^ 0 ) rorn\i’r0i« lpr£;p^l^mll linn 100,000 oii«?''os, Iho Qinnti- 
t.iln<* LOuiimx for (o^r^* i^ilt mi n vs^s from 12 por 
coni to 72 por mit n'>lln nlio of rliB^bnr^o IkIwooii 
tbo cninl and tin ItiiiinK d( ( ro isos from 78 to *10. 
11ns dcirois'' follows j lim ir law (Pig. iC). 

(1) Lfiidiiunh f«ir mi (linin ■'ilt «onl(l nol ho worked out. 
It nppi u^ lint till iiiolljud for mah sis of medium 
sill IS difeitui. 

Tlic al)o\o dedm lions ,iu* nd(ss.niU of \or\ limited applica- 
tion as these ln^o been dernid fnmi « k I of \ci\ biniled data. When 
farther dUa arc obt nnod it nn^ bt iiues^iry to re\iso them. 
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TABLE 11. 

Statement showing m i=mean dismefer) of Jhang Branch Upper. 


IJianf 

Itabi 

Kbarif 

Babi 

(26tli June, 

(30th \ov 

(31s 

(2"th 'Vot 

J93S 

tznher, J93S 

1039 

emher, 1^30 


to 

to 

to 

30tb June, 

6th l>c 

5th lane. 

Snd Dec 

1938) 

ember 1938) 

1939) 

ember, 1939) 




61 


TABLE 11 — CONTINUED 










Table ii— oonolldfd. 


Sitci. 

Kljnrif 
(20th Juno, 
103S 
to 

SOth June, 

lons) 

Hall 

(30th Nov 
ember, 1938, 
to 

6tli Deo 
embtr, 1033) 

Khatif 
(3l6t Ua5. 
1939, 
ti 

5th June, 
1939) 

Kabi 

(27th Not. 
ember, 1039 
to 

2Qd Decern* 
her, 1939) 

BE1U£ES. 


la. 





21^000 

•27S0 

•2507 

•23 1 

2600 

Nasrana Distribntarj 

217,500 

2952 




600 D/S fall R D 24S.0J) ' 

24\5{)0 

■2912 




500'D/SfillR D 24*0-0 

25 >,00J 

2617 

2711 

2'?27 

2551 


-'■.'>,0(V) 

•2G7S 

279G 

25SC 

2890 


2’57,(XH» 

0965 

I'Ox 

I9IS 

ISSo 

Kangifl D.str buUf 

I.IVH) 






250. '5W 

2051 

20C5 

29o0 

2S57 

600 U/SWIE D .1)0000 

200,500 

'Zm 

27»\ 

291$ 

3052 


2o5,000 

275 i 

2to2S 

250$ 

2$9s 


270.10 » 

•201 

2779 


27S4 


275.00J 

•-00S 

-702 

262 > 

2i07 


277.00 » 

121*5 

1691 

1739 

146( 

5IsJooo» D.‘nbtttary 








1670 

1C4J 

1753 

loaS 

a?w»I» D- tnbntary 

l.KV 






277,CK\> 

2Ti»2 

2 01 

2523 

2s27 

oM- U/'S fill R- D 2D SCO 

_7\C‘X> 

2714 

2kV> 

-vX5 

2770 

500 D S fill K D -’77.5 0 

2'40,tVVI 

2i*5l 

2001 

2720 

2747 


2’W.tXX'* 

--O-s 

27.4 

2T'.7 

2>'0 


♦» IXX> 

.0,1' 

2a29 

i>ls 

.'60 


taxcxv* 

2V»l 

2772 

i7«.«» 

2995 




-Mj 

•2n71 

2'X55 




2 >37 

2631 



SvVslXX' 



2622 


.■i.Vr*ri3 p'.S 

Lo»e". 

S ^ <•*■*•» 

IH 

lets 

•l»\ii 

•IvM 

.e- rutr**': ITT 
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TABLE 12. 

Statement showing mean diametei of Main Line Upper and Lower. 

Upper. 


R.D 

21 

mean of the 
reach 

Discharge 
la cusecs 

sxio’. 

Actual 

elope 

1 

RT-wiTtrcg- 

5,000—40,000 . 

4132 

10 CIO 

1 130 

•10 


4o, 000-70, 00) • 

430S 

i! 

ji 10,158 I 

146 

140 


60 000—115,000 .. j 

4IC4 ^ 

0,864 

142 

155 


120,000—130,000 . 

4110 

0,2,>S 

143 

150 


135 000— 140.0)0 .. 

3765 1 

•*247 

132 

2S4 


Low ER, 

140,300— IG0,7&7 . 

4002 

4,807 ' 

1 

ICO 

22 


lCl,7s7— lh2,500 


4 617 

I5S 

•20 


163,500—200.000 •• 

3*02 

4,575 

154 

•19 

1 
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TABLE 15. 

Statement showing the mean diameter of Rakh Branch. 


n I) 

1 

•M’ 

tncaii <hi 
rtit t* r of 
tlic Pttrtch 

1 

I)i«c}iar"c 

cu«cc« 

Sxlo\ 

Actual 

plopc 


1,000— 5(*(> 

3o40 ^ 

1 M3. 

20 

200 


2r.,500— Sj/Ol .. 

JGTO 

1,117 1 

1 

10! 


50,000— 40,500 

1 3571 1 

l,U!sl 

1 1'' j 

21 


CO.COO— GO SO) 

1 3l>i 

1,013 

i 

lOj 


Cl.SOO— Jsi.GOO 

1 32^ 1 

1.073 1 

1 Iso 

I'-S , 


fO.CfO_l 13,500 

2(W 

0I,> 


1C’. 


114 500— 13C 500 

1 i 

1 »."y 1 

1 170 

, 105 


157,500— rO.OOO 

I 2C''J 

"00 1 

If.. 



171,000—102,000 

, 2400 

ooo 

1 >7 

ici 


102,700-22!>,000 

-•‘‘•I 


162 

1,.S 


S20 000— 24 J, 500 

1 2175 

309 1 

160 

1C3 


250,000-27j,000 

2010 i 

1 t7J j 

lo2 

154 


277,000-277,500 

i 

1 


ICC 



TABLE 16. 
Mian All Branch 


I? D. 

mean of 
ctntcb 

Discharge 

la 

sxio\ 

Actual 

slope 

1000— 10,000 

3015 

57o 

IOC 

194 

15 000— 24,3!>5 

28ol 

557 

IbS 

20o 

30,000— 40,000 

278G 

4 6 

192 

0) 

43,072— G5,000 

27ul 

434 

192 

21 

70 000— 75,000 

2723 

413 

192 

215 

78,800—100,000 

2CS9 

399 

102 

• S 




H suit 


TABU 


, 

Period ob ebvtd 

Csa^l i Ic N \m-* of Chs-a l 

1 0 

i 

Froa 1 To 

1 

' ' 


i Loxr-r Th'lca rh V D t •nbur j T« csrr, 5o 4> 3^’^ 

I Can'll, I n ^ wah 1 j | 


D ■> ' Swlkl-» h J Ckti*>'% lisST Dwz:'''- { Sol 

j S-'XX l'>*sx I 


T/^Wff I'-eJi.a ! N B. L. » Fc —it j J^-v, 1‘^Sj j I W' ^ 

Csw aJ, is^‘c*’>rv ) \ 1) T-'» |03s 


I>tto >r;th\!ifc IV-v I P- I>nd .. 133 I* 

4 CO' j 

I>t‘o P It IV a \jNra 1^3 « 61 

1<\^'V I 

I 

Lowe- l'‘e'z*a v-tV-^ i Vr* e=\-* \ r«Sf»-, T'4 51 

CS-il G-’ai>.- I 1(0 I xvv l'<5-i 

! 

1>“0 P-Mt 1>?T=V.* «0 53 

I 2,c~v 1-^.4. 

I'tto IjTK’i P p- N TT=V- <> 

1 ~\\ l-i 4. I 

1 pTv~ Bin IVv\V V»G 1\ ' ’cStit Fr'-rci. , vj-K 

CSr.*l. VJwa\ I.sn l-c^TI 

' i - ^ »c?' ^ 

!>. «T- Ba-j Wm'’ '* 1 Mar \ v'='v-- ' ® - 

0\ta 1 K'- k''«- K. R 11^<V\\ J IsTn . 


Pit' IPr-Nta'a P •-> « .'t ** 

Ivv-W. j I 

! S 

p{*-« (Ia" » » ' -“T P f* N vr-i 

I v'.xx I 


1 ‘‘ 
i ' 




I N. ^ ‘ U' AT , VV'I * P sj V f- 

' “ V V 


,...i II » 


Per cent 
age 
shock 

PenoJ rejected 

1 i) 


8 

Janudrj, 1034, and Pebtoarj, 
19T5 only 

fi 0 

February, 1035, and January 
1036 

~0 » 


0 0 


2 60 

Auguit, 1031 

V 


0 OT 

Ditto 

0 no 

Ditto 

—4 8 

Februarj, March, 1934 

]3 0 


—2 0 


—i 8 


11 3 


1 

|-.= . 






r.« 


TABLE 2L 

Percentage of shock xn some Pegxxse Channels xn the Pcnjah. 



Serul 

No. 


Jhang Branch 

Buraia Branch 
Lower Gugera Branch .. 

Ditto •» 

Ditto •• 

Jlian All Branch • » 

Shah Kot Dl«tn^^l^aT^ . . 

lVtnh«t*Tj 

Khnrr>5n\\a3a 

tary. 

RsVh Branch »» 

V<lh»Al >x 


Dart 

r«L 


6,00f» , j 

I 

n.Av* 1 


5T£.JaV* 






3«4 

3«(> 

33P 

3N 

350 

35f 


[ S2t 
Artnal/ ] n 
CaL I JE». 


B.VAV ' 

I 

35a\V* I 






?!$ 

rv'. 


-54'-3^ ! 

I 

1 

-££ -Jft I 

I 

I O-SSt 

'2W,-3P'> i OSfl't 

'503 53fi j O'i?" 

i ; 

I 

'£Jt3‘'5SS i f'*S*'3i I 
SS 'S5 I t 




OtI 


^ 1 , 

3v 


•£.\>''rrn . -0 547 I 




0-^il j 


) 


Sak 

p»- 

ceEl««. 

-tlOl 

J-11 0 

S s 

-fiS 

+ S* 
— ^6 

— 1 6 

_ r« 

. « s 

4 « 

* I 



TABLE 22. 


Obtervation of water-levels in pipes on 8th January, 1940. 



D Li>x. j 

E Li'iB 

F Line 

Number of pipo 

It Uof 
water la 
pipes 

R L.of 
water in 
pipes 1 

R L.of 
water in 
pipes 

1 

681 36 

680 01 

680 33 

2 

6SI 48 

680 96 

680 69 

3 

6S1 65 

031 02 

680 62 

4 

631 66 

6S1 Oa 

680 66 

6 

631 77 

631 08 

690 66 

6 

631 93 

682 78 

tSO 74 4 

7 

681 01 

681 47 

683 54 

C G 

681 iO 

680 9j 

680 86 

8 

681 27 

681 86 1 

681 12 

0 1 

R U not taken 

6S1 23 

69] 26 

10 

681 70 

681 2o 

680 76 

11 

6S1 66 

681 31 

680 81 

12 

681 8o 

691 39 

680 88 

n 

081 91 

691 6a 

680 96 

u 

682 07 

681 57 

691 02 

15 

68' 19 

631 56 

631 03 

16 

692 16 

681 67 

681 03 

17 

632 17 

631 73 

681 11 

18 

692 16 

631 68 

681 09 

19 

692 la 

681 67 

681 03 

D G 

681 66 

631 19 

680 76 

20 

692 2! j 

681 60 

631 08 

21 

682 27 

631 70 

681 13 

22 

682 22 

681 71 

691 15 

21 

682 11 

681 74 

681 19 

24 

692 30 

681 97 

681 23 

25 

632 30 

682 26 

681 29 


The fresh supplr passed about 7 a n at Sagar Head m Upper Gucera Branch on 8th Januarr, 
1940. and at Ajnianwala at 1 p m after a rlosnn from ISth December 1939 
y, B — Observations were taVen heforo the water passed • 
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nriK/jrram mty It 

OMumtd 


1^1 aJll| J^i HUIQ Ul ||l^ I 2 1; S? 


Aijij jid *mo m ||ig J 3 


^6 oj)ii4^ k UQui t|ig| t; 


:;•* auM -'“O «» ’\’S I 


aiti| J4d *uio ut tl'ij 5 c 


^ fei ii|iji*d ttaout ipg j 


8^ motii j|ig i 


UMM^ SUIQUI ||lg 


AiiUJjd «»ay ui ijig 


: I Aijn j4d suiy ui jpi, 


JO aiii)u^iu»x 


ua'(0i 9[dtuvs iptijn (|i<Ia({ 
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TABLE 36. 

AVERAGE DUMETElMm X 10 * in mn»> OF BED SILT SAMPLES COLLECTED 
FROM UAVELI MAIU LINE DURING 1039. 
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NANUNA JHANG BRANCH R. D. 7^60. 
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TARKHANI LOWER GUGERA BRANCH R. D. 259,100. 
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Via ^3 


TARKHANI LOWER GUGERA BRANCH R. D 272,500 





Discharge in cusecs 

810 91 

^acl 

80 

Pcal 

73 

Slope 


Actual/Calculated 

200/ 160 

Silt in mm 

0 260 

Shock % 

+8 8 
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STATISTICAL SECTION. 

I —INTRODUCTORY. 

The problems facing the imgatioii engineer can broadly be 
•iliMded into the following groups * — 

(0) Problems of production. 

(b) Problem^ of distribution 

(c) Problems of consumption. 

(a) Problfms oj- Production. 

The problems of production can agam be divided into two 
groups : — 

(1) Problems ari«iing in the case, where the suppJie* are 

tuailable from surface ‘■oiirces. 

(ii) Problems arising in the case, where the supplies are 
drawn from sources below the surface of the earlli. 

(i) Supplies aiailable from surface sources — The sources of 
surface eupplies are ram and snow The uicih ire fed bi the melting 
of the «nows and bj that part of the rainfall whicli luns off the sur- 
face into the rners or their tributaries The lake» — natural, oi arti- 
ficial — derive their supplies either from the rainfall which runs off 
the surrounding country into the depie&sions formed bj the’beds of 
the lakes or from a stream or streams How mg into tliie lakes The 
re-ersoirs built for storage of ram w«\tei can be taken as belonging 
to a special tape of artificial lakes 

The surface supplies of water alwaia include a certain amount 
of «olid matter, looselj included under the general term “ silt ” 

The problems of pioduction from surlace sources include those 
rehting to the measurements for \oIiune of water and '=ilt, to the 
change'- in these and in (ho supph le%e!s, with special leference 
to the corresponding changes in the factors affecting the supplies, 
and to the constioiction and stability of the works required for stonng 
or regulating the supplies 

The investigations earned out during the j ear m regard to such 
problems are given below — 

(1) Jaba Pailure and After. 

(2) Sloping Toewall and Stability of Ivalabagh Weu. 

(3) Laj-out of Pressure Pipes for the Depressed Bavs of 

Islam Weir 

(4) Analysis of Pressure Pipe Obsen ations on the Islam 

Weir. 

(5) Stability of Ba>s 5 — 8 of the Kbanki Weir. 
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(6) Walls or no Walls ; Pressure Distributions for . Ucr 

native Sections oi CWienamvan Eegulator. 

(7) Stability o£ Floor with Pile and Upward Step at Toe. 

(ii) Siij)pHfsauoiInble/ro»i'Sitb-sur/ace sources.— The sub-soi 
resen’oir is the source of such- supplies. - It -is drawn upon by oper 
wells, or tubewells. 

• The irrigation schemes mainly dependent on pumping from 
the sub-soil, so tar supply only a very' small fraction of the total volume 
required for irrigation in the Punjab. The Karol Tube-well Project 
and the Western- Jumna Extension Scheme have been taken up as a 
result of the -n-ork of Hr. A. M. B.- Jlontagu. The analysis ol 
the results of basic experiments carried out for him by the Institute 
was described in the last annual report, and no further investigation 
has been carried out tliis year. When the results from field are avail- 
able for a fe-o’ years, it will probably be possible to correlate these 
witli the results derived from the theory and the model observa- 
tions. 

(Il) PnOBUEHS OF pistuibution. 

' The problems of distribution may be taken to, start -when the 
.water passes from the river into the canal. They can be dividca 
into three groups : — 

({) Problems arising from the flow of water and transport 
of silt in alluvial earthen channels. 

(ii) Problems arising from the flow of water over, under or 
through the works built at different points of the 
distritiulion system. 

(Hi) Problems arising from the flow of water from and faio 
the soil through which the distributing channels are 
consti-ucted- 

(i) Flora of water and transport of siU in alluvial earthen 
vcls . — Tiro flow- of -rvator in an alluvial channel is to be studied m 
relation to the transport ol silt -which is carried or rolled by the water. 
The width, tire deptlr and the slope of the chnrrirel deperrd on the 
volmno of unter carried anti on the grade rtnd content of silt. Tj 
gcttcral probloitr is to so design tin, distributing system, that, consrsi" 
entir witii Iho lie of tire Ittud, all the chairnDls run without ailliaS 
or scouring tiro betl or tiro siilcs, Tlrcro may bo seasonal cliairg*^'' 
but over a mmtbor of yearn the system should'bo stable. 

A study of cltaitticls which have -romained stablo can Ic.ad 
lire rclntinns winch exist between the different observed elonicnt' 
on sticli chauneh. Tliese relatrous can then Ire used ns guides tot 
c!e«ipmig now clinttncls, or for remotlellitig old ones which arc an- 
stable. 
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Tho technique of observations gives rise to. its own i)roblein3.‘ 
rirstly there are the discharge measurements, m which the volume oi 
^\ater i)assing n given section of tho channel is obtained from obser\’ed 
values of depths and velocities at different verticals of tho section. 
The spacing of these verticals, and the need for selecting the instru- 
ment and depth so as to get as accurate an estimate of velocitv as 
possible, require careful thinking. Secondly, w’e have the problems 
relating to tho sampling and analysis of suspended and bed silts, from 
which the silt indices of tho channel are ultimately derived. At 
what depth should a sample of water bo taken to get the moan silt 
content for the section ? Do different samplers give the same sus- 
pended silt content ? Are the results obtained from analyses by 
different instruments or methods in fair agreement? Does the tempera- 
ture of water affect the result of anah'sis ? These are a few of the 
questions which need to be nnswered- 

The design of the distribution system also leads to a study of 
the total volume and of the grade of the silt which it can carry. This, 
in turn, requires a study of the entry of silt at Headworks. 

The subject of design of stable earthen channels has been 
greatly advanced by iMr. Gerald Lacey, and his theory has formed 
the subject of several investigations. 

The investigations carried out during the year in relation to 
the problems of silt and flow are : — 

(8) ^fean Velocity Point on a vertical. 

(9) Sampler versus Sampler (suspended silt). 

(10) 3Iean Silt Point on a vertical. 

(11) Studies on rolling silt. ^ 

(12) Temperature and silt size. 

(18) Verification of Lacey's General Regime Formula ; 

V = from his own data. 

(14) Shock ” and ** Coherence ” in Regime Flow. 

(15) Most Efficient Section. 

(16) JChushalani’s Bolling Theoiy” of Flow. 

(17) Optimum Slopes for Babehali Distributary, Upper Baii 

Doab Canal. 

(18) Silt and scour on the Main Line, Lower Jhelum Canal. 

The first five of these are in the nature of analyses of basic 

experiments carried out by the Institute in field or in laboratory. 
The next four deal with some aspects of the theories of stable flow. ’ 
The last two apply the knowledge gained so far to the analj'sis of con- 
ditions existing on two verj* different types of channels. 

VTiile the subject of lined channels comes more appropriately 
under 'the third group of the problems of distribution, as lining is - 
usually adopted to prevent losses into the soil, the two investigations 
relating to such channels, which were completed this year, dwell more j 
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on the.silt-caiTj'ing capaoitj' ot such channels than on their econo- 
mical aspect, and may, therefore, he put into the first group. 


• ' These are : — ' ^ ' 

• ' (19) Silt distribution on BikaneiVCanal. ' , ' ' 

'' (20) Bugosity' Coefficients on lined channels, .with special 

, reference -to the design of channels included in the 
. I ; Lower Chenah Canal Lining Project. 

(if) ^Floia oj water 'over, tinder or ilirougli toorlcs hiiill oti the dis- 
tribtiHoti system.— The flow of water through, over or under the works— 
so longias the flow is ndt throughthe soil — gives rise, among others, 
to the problems of what is known as surface flow". The works 
are required either for distribution, • e.g., regulators ' and outlets, or 
for adjusting the supply levels, e.g., falls, or lOr carrying and measur- 
ing the supplies, e.g., sj'phonsj fails, and meter flumes. The Stability 
of these works, . and their< utility^ as measuring devices gives rise to 
a number of important problems. , , < 


The investigations dealing with this class of problems are 

(21) Design of Glacis Profile, I.' '■ 

(22) Discharge Coefficient.^ Degree of submergence pnd splay - 
. The first investigation examines the theory of glaciSi profile 

as enunciated by Messrs. Montagu and Bose. The second gives 
the analysis of obsen'ations carried out for a number of fall typei 
^(nf) Flow of water front the distribuiina channels into the soil 
and ctcc cersa.-— If . a distributing channel runs tlirougb pervious soil, 
and the level of water in it is higher than in the surrounding country, 
a certain volume of water may flow through its bottom and sides and 
join the siib-sqil water-table. Wiien the level of water in the channel 
IS low er than in the neighbouring sub-soil, some of this water may flow 
into (he channel through its bed or its banks. The flow into the sub- 
sml IS called ‘ seepage ” and that from the sub-soil is ‘‘ back-seepage 
. a Ifernative termsf are " absorption " and " regeneration”., ' 

• , 1 . seepage means the loss of valuable water and an increase 
in the capacity of the channel in order to carry water which will 

f consumer, the irrigation “engineer is i vitally in- 

f ” seepage problems. Fjrstly there is the nufestion of measur- 
rtuls r This •requires disehaige measurement^ ' at the 

flva^mimn nf^n ^/n-r’ estimated, and the 
nfaU -S b withdrawal by ' surface, sources, 

ffnn n In ’ “f outlcts, respectivelv. The determina- 

ind tho*^sefoctimrof for an accurate estimate 

and tho selection of nglit instruments are problems in themselves, 

■ Secondly there are the problems wliich arise as'la conseouence 
of exfonsivo seepage. Tliese include ■waler)o"vin>’‘'of iieiMjhoiiring 
strips of land, as shown by a rise ,n w.'der-tnMe'’' Thi' “iTa Ivsis of 
factors responsible for this rise is another probtem.' ' ^ ■ ' i 
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The prevention of seepage gives rise to the third group of see- 
page problems. The choice of a lining which will be of the greatest 
'utility imder a given set of conditions and the estimation of its use- 
fulness in (a) saving water and (i») reducing the rise of watertable 
belong to this group. , . ' , , , 

, Finally there are the problems connected with the cure of the 
evil results, if any, of seepage. ^ TJie .rapid . removal 'of water by 
surface drains is one waj’ of keeping the watertable down, and the 
construction and maintenance of these drains gives iis'6 to a host of 
problem^ The effect of drainage on land is yet anothfir. 

The investigations relating to seepage problems are : — 

(23) 'Seepage^ lossek on Kot Nikka Branch, Lower Chenab 
, , .Canal. 

(24) Proposed Seepage experiments on Dangali Distribut- 

I i,,i(®) Problems op consumption. 

The object ofjthe engineer is, to make the most of every drop 
of water. The application of the canal water to the land by the con- 
sumer gives rise to the problems of consumption, which can be clas- 
sified as below : — , 

(^) Problems relating to the quality of tbe land, which is 
being irrigated or is proposed to be irrigated. 

(ii*) Problems relating to the utilization of tbe supplies, 

{Hi} Problems relating to cropping. 

(t) Problems relating to the quality oj the faad.— The deteriora- 
tion of certain large tracts, following the introduction of irrigation, has 
Bho\vn the need for a survey of tbe soils in any area proposed to be 
imgated, and fur an investigation of the re.asons for such deteriora- 
tion in irrigated areas. The physical and chemical properties of tbe 
soil, and the movements of water and salts through different layers 
have been studied by tlie Institute in detail, and these have been used 
for explaining the changes in tbe quality of the land. The problems 
of Soil Physics, Soil Chemistry and Land Reclamation belong to this 
group. 

The effi'ct of measures adopted to pre\ent deterior.\tion of 
jland 'is best gauged by changes in cultivated area. The only in\esti. 
Ration under this group which relates to such measures shows the 
miprovement resulting from the introduction of drainage. 

■ ! The investigations carried out in this group are : — 

(25) Relation between conductivity and total salts. 

w (20) ‘‘Specific surface’' of soil. Its relation with otlier soil ^ 
properties. Is it sujierior as an index to “ clay 
centent ”2 

(27) Graphical method for finding ‘‘ specific surface”. 
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l^‘2S) Incren-e ip cultivated area through drainage. 

The changes in the area affected bv salts form the subject of 
another investigation. 

(29) Changes in Thur area in 8 districts of the Punjab. 

(li) Problems relating to </ti7iraf!07i of suj^lies . — ^Tbe econo- 
mical use of Trater by the cultivator wonld bring a greater reta (o 
the engineer, as the assesment is on the basis of acreage irrigated 
and the volumetric grstem cannot, for certain reasons, be equalit 
Buccessful. The factors iiThieh affect the area irrigated are: supply, 
timely rain, prices, quality of land, etc., and an analysis of tb 
effect of each is of the greatest interest to the Irrigation Departmcut- 

Xo investigation relating to this group vras completed h 
1910-41. 

(ill) Problems relating fo cropping . — The crops grown in a 
irrigated tract depend for their growth on a number of factors. 
soil type and supply often determine what crop can be grown pTOct* 
ably. The water requirements of the crops and their yields an^et 
varying conditions have to be studied carefully in order to ^.rike^ 
fair balance between the engineer, who is interested in getfhig tb 
maximum irrigated area for a given volume of water, and the culU' 
yator, who wants the maxiinani outturn. Experiments for tb 
improvement of land by different svstems of cropping siso co®* 
within this group. 

The investigations carried out during the year are: — 

(30) Early Closure of Ivbarif Channels and Rice 

on the Upper Cbenab Cana!. 

(31) Lay-outs for Experimental areas in Tlial. 

Besides the above investigations, the following which 
in the nature of adrisory studies were also carried out : — 

(32) Failure and Reconstniction of the Tail Fall of 

• Escape, Hardoi Branch, ^or Chief Engineer, bmteu 
Fro\'inces). 

(33) Approximate formula for finding the Slab 

from Bridge and Gittler Spans. (For OfScerOD'-P 
Duty, Communications Board). 

(^1) StabOkation of Eartli Eoad?. (For Road Bf-'f’'"''’ 
Scheme). 

(35) Graphipal folution for “ FIo-sv point.” (For Mr. 

Chief Engineer, United Provinces). 
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II.— ■PEOBLESIS OP PRODUCTION. 

1.’ Jaba failure and after. • ~ 

' The failure of the Jaba Weir was considered to be 'due to the 
fact that piles had been driven almost into the clay sub-strata lying 
under the weir. This led to a ponding up of the pressure under the 
floor and an increase in the uplift led to the failure of the work. The 
theory for the case where the stratum of cla}* lies under the structure 
and the downstream pile is not driven into the clay had not been 
previously worked out. In order to compare the pressures recorded 
under the Jaba Weir with those which would be theoretically obtained 
in such a case led to an investigation, from the mathematical point of 
■Nnew, of such pressures. 

The theoiy has been successfully worked out during the year. 
The calculations are nearly complete. It is proposed to publish the 
results at a later date. 

2. Sloping Toewall and Stability of Kalabagh Weir. 

This investigation was initially taken up in July, 19S9. At 
that time there was some doubt if piles could be driven into the bed 
of the river Indus at Kalabagh, as shingle and other coarse material 
formed a largo proportion of the foundations. Mr. Haigh, Superin- 
tending Engineer, let Thai Circle, therefore, hit upon the idea of 
laying a sloping toewall, after removing the bed material. The 
material could be replaced after the toewall had been built. 

The effect of such a toewall on the stability of the weir was 
required to be worked out, and the Chief Engineer, Construction 
A<Wnistration, referred the matter to the Institute. 

It was not kno^m at the time if the laws of flow of water through 
a shingle stratum are the same as those for its flow through a layer of 
sand. It was assumed that shingle and sand together formed a 
homogeneous mixture. This was later found to be at variance with 
the results from model experiments carried out in the Hydraulic 
Section. 

The difficulties in the way of driving the piles were later found 
to have been exaggerated and the utility of this investigation was, 
therefore, more or less a matter of doubt. Mr. Haigh, however, 
considered that it would be of interest to complete it. The original 
note sent to bim in August, 1939, was, therefore, enlarged and now 
awaits publication. 

It may be added in this connection that the theoretical values 
for such a case are in good agreement with those obtained from the 
electrical models. The latter have been described in a paper pub- 
lished in the Proceedings of the Academy of Sciences. 

3 & 4. Lay-out of Pressure Pipes for the Depressed 
Bays of Islam Weir, and Analysis of Pressure Pipe 
Observations on the Islam Weir- 

In 1929, six bays of the Islam weir collapsed suddenly. They 
■were replaced by 11 depressed and gated bays of 29 feet span — tho 
bays 11 to 21 of tho present structure. 
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Id -Deceniber, 1936, pressure pipes yceie inserted in bays 11, 
IG and 21. In 1937 the pressure pipe observations in these and other 
bays vrere analysed and some of the bays Tvere found to be unsound. I; 
■was recommended at the time that a downstream pile line may bs 
placed in'bays 1 to 10 and 22 to 29. ' . 

" A proposal for putting in the downstream piling in bays 11 
to 21 was considered in 19-10. This -was deferred till the evidence of 
Cavitation below the dowstream floor had been collected. It was 
considered desirable to fit the depressed bays with pressure pipes 
and to examine the results with a ^iew to ascertaining if the actual 
pressures indicated any danger. The Superintending Engineer, Xili 
Bar, was ashed to fix the position of these pipes in consultation with 
the Director, Irrigation Eesearch. 

The data for the bays 11, 16 and 21 of the Islam "Weir were 
analysed for four days in April, 1938, when the head on the weir was 
17 feet’ to 18 feet. This showed that at that time there was probably 
an imperfect contact between the pacca floor and the shingle placed 
bolween the caissons in the last 42 feet of the work, but that the bays 
wore otherwise sound. About a quarter of the head was lost at entry 
of water at the upstream end, possibly due to a silt blanket. 

' ' ,The general principles for layout of a set of pressure points, 
as enunciated by. IChosla in chapter V of Design of Weirs ”, 0. B. I* 
Publication No. 12, were examined in the light of later researches. 
As a result the following rules were framed: — 

The pressure pipes should be placed— 

; (1) At larger inteiv’als under the horizontal floors than along 

'' the_ vertical cut-offs. 

(2) At points, the percentage residual heads at which are 
estimated to differ by at least 8 to 10 per cent of 
the total head. 

^ (8) More closely near the toe of the work than upstream of 

tliG crest. 

(-1) At closer vertical intervals at the ends of the work than 
at the centre, if any pipes are to be placed in th© 
sub-soil. 

layout was surest ed for insertion of pressure pipes in bays 
11, 16 and 21, as also in bays in which pressure pipes had not been 
pro\iousIy fixed. The total number of pipes sugcrested was 73, of 
winch 9 \\'ere already fixed. Sixty-four new pipes were, therefor©, fn 
bo fixed m addition, 

. - I^'^ns recommended that the last 62 feet length of the floor 

m the ‘ddpx'ossed bays may be tested for hollows during the next cold 
weather, pmvided the analysis of pressure pipe observations in baj^ 
11,16 and -.1 for April, 1988, -was confirmed by a similar examinafion 
of the subsequent data on record. This examination was carried ont 
in December, 1940. 
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The analysis re\ealed that jt v,as necessary to watch the de- 
pressed hajs, hut that there was no need for taking any alarmistic 
'\iew of the situation. It was recommended that bay 16 should be 
'examined and that pressure pipe data for the pipes proposed to be 
put m may bo accumulated and analysed. The data already 
examined coiered a period of more than two jears and the results 
were m general agreement with those obtained from the earlier 
■Gximination of the data for April, 1938. 

5. Stability of Bays 5 — 8 of the Khanki Weir, 

In order to obtain control of discharge m the left lialf of the 
rner the Institute liad suggested tint tlie gates and shutters m bays 
o — 8 be raised bj two feet, i e , to a E L of 785 0 The Executive 
Ingmeer, JxJianki, commenting on this, stated that ba^so, 6 and 7 
would not bo «afe under the extra head The Institute was asked to 
examine the Executne Engineer’s remarks. 

The calculations by the Executne Engineer were examined 
■and it was found that two serious enor;> large!} iitiated his con- 
clusions — 

(i) He liad used the submerged density of tlie load of masonry 
instead of actual density winch was ithe jjroper 
quantit} to use 

(ti) In tlie case of baj 8 the E L of !i} draulic gradient 
Ime was shown Ijing below the lowest water level 
downstream, at the point of tlie junction of the floor 
with the upstream face of the toe pile The reason 
for tins was not clear 

All the calculations were, therefore, lepeated It was concluded 
iliat bajs 5, 6 and 7 would be safe agamst the extra head, that bay 
8 would require extra thickening m the last 60 feet, and that there 
would be no danger of piping due to the increased bead, provided the 
inverted filter area in bajs C and 7 was functioning properl} 

6. Walls or no Walls Pressure Distributions for Alterna- 
tive Sections of Chbenanwan Regulator. 

It was proposed b} the Executive Engmeer, ICiianki Division, 
that a beading up of 1 0 foot be permitted < ’ ^ 

tor, situated at E D 40,000 of Lower C '• , 

up was previousl} allowed at this work and m oraer lo juuge luo iikti} 
effect of heading up on the stability of the work ho asked the percentage 
residual heads to be worked out for the two foHov^mg alternative 
profiles .— 

(a) masonrj slab, 80 feet m length, 8 feet thick for the first 
20 feet and 2 feet thick for the remaming length ; 
•with cut-off walls at heel and toe, the walls to be 4 
feet thick each and with bottom lev el 8 feet below the 
fop lev el of the slab 



■ ( 6 ) Masonry slab as before, but ■nithout cut-oif rvalls. 

The values for percentage residual head vere'TOrlied out lor 
both the cases at various points under the profiles. ^ It vas found that 
an omission of toevalls would increase the uplifts in the ufiper lull 
of the slab and reduce them in the lower half, the changes being most 
noticeable ot the points at the joins of* the cut-off walls with the slab. 
Tho omission of the cut-off walls, would, however, give a higher e\it 
gradient. It, therelore, appeared preferable to keep both the toe- 
u alls, if possible, or at least the downstream cut-off ; especially as 
the slab vas knoun to rest on fine sand. 


7. Stability of Floor with Pile and Upward Step at Toe. 

Tho Superintending Engineer, Upper Jhelum Canal (Mr. E E 
Haigh), suggested that it would be useful if a Table similar to Table 
VII" 3 of the C. B. I. Publication No. 12 could be prepared for the 
case where tho underside of the floor was below the downstream bed 
level. / 


The mathematical solution for this case was derived from tbat 
already given by Dr. Bose, on page 57 of the C. B. I. Publica- 
tion. It was shouu that use could be made of Tables TIDl 
VID2 to carry out tho necessary extension of Table VII'3. 

A note uas prepared grving the theory-, the required tablet- 
together with 8 plates of diagrams corresponding to plates VD * 7 
VH-2-A, ni-2-B (2 plates), VII-S-A, VII-f!-B, TII- 8 -C and 
ot the ‘‘ Design of AVeits.” 
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Iir.— PKOBLEMS OF piSTRIBUTION. • ‘ 

8.“Mean Velocity Point on a yertical,' “ _ 

From the observed velocities at 0, *1, *2,. .’.. and :9 of 'depth 
on B^mmetricalh’ placed verticals the ratio of the depth of the mean 
velocity' point to the total depth at the vertical v:as calculated, by 
plotting the velocities against depths, draxsing a smooth ciin;e through 
the plotted pomts, extrapolatmg for the bed velocity, and calculating 
the mean velocitj’ from the cur\'e readings. 

, Twenty to twentyfive sets of observations -were taken on each of 
the 8 channels and the values of tho ratio ** ^[. V. point depth/vertical 
depth ” were worked out. It was found that the ratio was very 
nearly *0 on tho three intermediate verticals and that rn the end 
verticals the ratio w-as more nearly equal to 2/3. It was also found 
that if the ratio was taken as 0*6 on the end verticals the difference 
in velocity for the vertical would bo nearly *1 foot sec. The discharge 
would, therefore, be exaggerated about 1/5 to 1/10 per cent. It 
could, therefore, bo stated that the existing practice of taking this 
ratio as equal to *6 gave a close approximation to the actual value of 
the discharge. 

9. Sampler versus Sampler (Suspended Silt). 

A series of experiments were carried out at Sagar on the- 
Lower Chenab Canal, in order to examine, the agreement between 
the different types of silt samplers. At each depth on a number of 
verticals samples were taken with the help of the standard bottle 
sampler, and the coarse and medium contents compared with those 
obtained by Binckley, Puri, Uppal, and Jagat Ram samplers. The 
results have been examined in detail and it was found that except at 
points near to the bed there was a fail* measure of agreement between 
the different samplers. It is proposed to continue this analysis with 
data which are being accumulated and to publish the results as a. 
whole. Another experiment was carried out in order to find if the 
capacity of the different samplers varied at different times. Fifty 
sample B were taken for each of the four samplers, Puri, Uppal, Jagat 
Ram and Binckley, and their variations about the mean capacity deter* 
mined. It w’as found that the Puri and Uppal samplers showed the 
lowest variation. These, however, have a smaller capacity than 
the Jagat Ram sampler. 

' The object of these experiments was to find out if the labour of 
sampling could be reduced by taking a large volume of water once 
instead of taking smaller volumes a number of times. As far as the 
present results go it seems that samplers with smaller volumes gave 
a more consistent capacity than those with bigger volumes. The 
investigations are proposed to be extended. 

10. Mean Silt Point on a VerticaL 
The mean silt content of a channel has so far been taken as 
equal to the silf. content at *6 depth in the centre of tho channel. 
This value was found as a result of some earlier experiments carried 



{h) Masonry slab as before, but ■witbout cut-off walls. 

The values for percentage residual head 'vere'^vorhed out for 
both the cases at % anous points undei the profiles. ^ It was found that 
an omission of toewalls would increase the uplifts^ in the upper half 
of the slab and reduce them in the lower half, the changes being most 
noticeable at the points at the joins of the cut-off walls with the slab. 
The omission of the cut-off walls, would, however, give a higher exit 
gradient. It, therefore, appeared preferable to heep both the toe- 
walls, if possible, or at least the downstream cut-off ; especially as 
the slab was know’n to rest on fine sand. 

7. Stability of Floor with Pile and Upward Step at Toe. 

The Superintending Engineer, Upper Jhelum Canal (Mr. F. 
Haigh), suggested that it would be useful if a Table similar to Table 
VII'3 of the C. B. I. Publication No. 12 could be prepared for the 
case where the undemide of the floor was below the downstream bed 
level. 

The mathematical solution for this case was derived from that 
already given by Dr. Bose, on page 67 of the C, B. I. Publica- 
tion. It was shown that use could be made of Tables VII '1 
VII'Q to cany out the necessary* extension of Table VII'3, 

A note was prepared giving the tbeoiy, the required tables^ 
together with 8 plates of diagrams corresponding to plates VU'h 
VII'2.A, VII'2-B (2 plates), VII'3-A, VII-S-B, VII'8-0 and VIP^ 
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IIL— PEOBLEMS OF DISTEIBUTION. 

8.— Mean Velocity Point on a Vertical. 

From the observed velocities at 0, *1, *2,.... and :9 of'deptli 
on Bymmetrically placed verticals the ratio of the depth of the mean 
velocity point to the total depth at the vertical vas calculated, by 
plotting the velocities against depth«i, draving a smooth cur\’e through 
the plotted pomtb, extrapolatmg for the bed velocity, and calculating 
the mean velocity from the cur\*e readings. 

, Twenty to tv’entyflve sets of observations weie taken on each of 
the 8 channels and the values of the ratio Y. point depth/ vertical 
depth ” were v/orked out. It was found that the ratio was ven' 
nearly *6 on the three intermediate verticals and that rn the end. 
verticals the ratio was more nearly equal to 2/3. It was also found 
that if the ratio was taken as 0*0 on the end verticals the difference- 
in velocity for the vertical would be nearly *1 foot sec. Tbe discharge 
would, therefore, be exaggerated b}’ about 1/5 to 1/10 per cent. It 
could, therefore, bo stated that the existing practice of taking this 
ratio as equal to *6 gave a close approximation to the actual value of 
the discharge. 

9. Sampler versus Sampler (Suspended Silt). 

A series of experiments were carried out at Sagar on the* 
Lower Chenab Canal, in order to examine tlic agreement between 
the different types of silt samplers. At eacli dept!) on a number of 
verticals samples were token wth the help of the standard bottle 
sampler, and the coarse and medium contents compared with those 
obtained by Binckley, Puri, Uppnl, and Jagat Earn samplers. The 
results have been examined in detail and it was found that except at 
points near to the bed tliore was a fair measure of agreement between 
the different samplers. It is proposed to continue this analj'sis with 
data which are being accumulated and to publish the results ns a 
whole. Another experiment was carried out in order to find if the 
capacity of the different samplers varied at different times. Fifty 
samples were taken for each of the four samiilors, Puri, Uppal, Jagat 
Earn and Binckley, and their variations about the mean capacity deter- 
mined. It v'os found that the Puri and Uppal samplers showed tho 
lowest variation. These, however, have a smaller capacity than 
the Jagat Earn sampler. 

' The object of these experiments was to find out if tho labour of 
Sampling could bo reduced hr taking a large volume of water once 
instead of faking smaller volumes a number of times. As far as tho 
present results go it seems that samplers with smaller volumes gave 
a inoro consistent capacity than those with bigger volumes, Tho 
investigations are propos^ to bo extended. 

10. Mean SUt Point on a VerticaL 

Tho me.au silt content of a channel has so far been token os 
equal to the silt content at *0 depth lu the centre of tho channel. 
This value was found as a result of sure earlier experiments carried 
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(6) ilasonn slab as before, but 'without cut-off walls. 

The values for percentage residual head Svere worbedoutfor 
both the cases at various points undei the profiles. ^ It w'as found that 
nn omission of toewalls would increase the uplifts in the upper hall 
of the slab and reduce them in the low'er half, the changes being mo^t 
noticeable at the points at the joins of the cut-off ■walls with the slab. 
The omission of the cut-off walls, would, however, give a higher erit 
gradient. It, tlieiefore, appeared preferable to beep both the to^ 
walls, if possible, oi at least the downstream cut-off; especially 
the slab was bnown to rest on fine sand. 


7. Stability of Floor with Pile and Upward Step at Toe. 

The Superintending Engineer, Upper Jhelum Canal (Mr. E I* 
Haigb), suggested that it would be useful if a Table similar to Table 
HI’S of the C. B. I. Publication No. 12 could be prepared for the 
cose where the undeiside of the floor was below the downstream bed 
level. 


already 


The mathematical solution for this case was derived from 
y given by Dr. Bose, on page 57 of the C. B. I. Publiw* 
It was shown tiiat use could he mndA of Tables VII'l 


vTi'rti shown tiiat use could be made of Tables VII 
to can^' out the necessary extension of Table VII*3. 

giving the theory, the required tnbleJ, 

VU-o a' vn diagrams corresponding to plates AIH 

01 the • Design o£ Weirs.” 
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Iir.— PROBLEMS OF DISTRIBUTION. ■ ' 

8,— j-Mean Velocity Point on a Vertical. 

Prom the observed velocities at 0, *1, *2,. .'.. and ;,9 of depth 
on symmetrically placed verticals the ratio of the depth of the mean 
velocity point to the total depth ut the vertical was calculated, by 
plotting the velocities against depths, drawing a smooth cutre through 
the plotted pomts, extrapolatmg for the bed velocity, and calculating 
the mean velocity from the curve readings. 

, Twenty to twentyfive sets of observations were taken on eachol 
the 8 channels and the values of the ratio M. V. point depth/veriical 
depth !’ were worked out. It was found that the ratio was very 
nearly *6 on the three intermediate verticals and that rn the end 
verticals the ratio was more nearl3' equal to 2/S. It was also found 
that if the ratio was taken as 0*6 on the end verticals the difference- 
in velocity for the vertical would bo nearU* *1 foot sec. The discharge 
would, therefore, be exaggerated by about 1/5 to 1/10 per cent. It 
could, therefore, ho stated that the existmg practice of taking this; 
ratio as equal to *0 gave a close approximation to the actual value of: 
the discharge. 

9. Sampler versus Sampler (Suspended Silt). 

A series of experiments were carried out at Sagar on the* 
Lower Chenab Canal, in order to examine, the agreement between 
the different types of silt samplers. At each depth on a number of 
verticals samples were token with the help of the standard bottlo 
sampler, and the coarse and medium contents compared with those* 
obtained by Binckle}*, Puri, Uppal, and Jagat Ram samplers. Tbo 
results have been examined in detail and it was found that except at 
points near to the bed there was a fair measure of agreement between 
the different samplers. It is proposed to continue this analysis with 
data which are being accumulated and to publish the results as a. 
whole. Another experiment was carried out in order to find if tbo 
capacity of the different samplers varied at different times. Fifty 
samples were taken for each of the four samplers, Puri, Uppal, Jagat 
Ram and Binckley, and their variations about the mean capacity deter- 
mined. It w’as found that the Puri and Uppal samplers showed tho 
lowest variation. These, however, have a smaller capacit}’* than 
the Jagat Ram sampler. 

• The object of these experiments was to find out if the labour of 
sampling could be reduced by taking a large volume of water once 
instead of taking smaller volumes a number of times. As far as the 
present results go it seems that samplers with smaller volumes gave 
a more consistent capacitj’ than those with bigger volumes. The 
investigations are proposed to be extended. 

10. Mean Silt Point on a Vertical. 

The mean silt content of a channel has so far been taken as 
equal to the silt content at *6 depth in the centre of the channel. 
This value was found as a result of some earlier experiments carried 



‘ {b) Masonrj slab as before, but 'n-ithout cut-off 'nails. 

^'aloes for percentage residual head were worked out lor 
both the cases at % arious points nndei the profiles. It 'svas found that 
an omission of tom^alls would increase the -uplifts' in the upper half 
of the slab and reduce them in the lo-ner half, the changes bemg most 
notjceaWe at the points at the joins of the cut-off walls with the slab. 
T e omission of the cut-off walls, would, however, give a higher e\it 
appeared preferable to beep both the toe- 
ni /3 aUh or at least the downstream cut-off; especiallY as 

the Bhb uas hnoun to rest on hne sand. 

Upward Step at Toe. 

WmVbi c „ Engineer, Upper Jhelum Canal (Mr. F. t 

Boigh) suggested that It would be useful it a Table similar to Table 
cisfl TrW» No. 12 could be prepared for the 

® undeiBide of the floor wag below the downstream bed 

tion 7 ^ P“g® of the C. B. I. Puhhca- 

be made of Tables YIM 
o cai^ out the necessarj- extension of Table VII- 8. 

togetber ^th 8 *be theory, the required tahH 
Vfl-2-A of diamrns corresponding to plates Vll'b 

of the^’Dlsig„'-®f^fvP;?'1?>'^'«-8-A, VII-iB, vfl-S-d and Vll'i 
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III.— PROBLEMS OF DISTRIBUTION. 

8. — Mean Velocity Point on a Vertical. 

From tlie observed velocities at 0, *1, ’Q,..'.. nod ,*9 of depth 
on Bymmetrically placed verticals the ratio of the depth of the mean 
velocity point to the total depth at the vertical ■s\'as calculated, by 
plotting the velocities against depths drawing a smooth cur%'e through 
tbe plotted pomtb, extrapolatmg for the bed velocity, and calculating 
tbe mean velocity from tbe curve readings. 

Twenty to twentyfive sets of observations weie taken on each of 
the 8 channels and the values of the ratio Jt. V. point depth/vertical 
depth ” were worked out. It was found that tho ratio was verj' 
nearly *6 on the three intermediate verticals and that rn the end 
verticals the ratio was more nearl}' equal to 2/3. It was also found 
that if the ratio was taken as 0*6 on the end verticals the difference- 
in velocity for the vertical would be nearly *1 foot sec. The discharge 
would, therefore, be exaggerated b 3 ’‘ about 1/5 to 1/10 per cent. It 
could, therefore, bo stated that the existing practice of taking this 
ratio as equal to *6 gave a close approximation to the actual value of 
the discharge. 

9. Sampler verstis Sampler (Suspended Silt). 

A series of e.xperiments were carried out at Sagar on the- 
Lower Chenab Canal, m order to examine the agreement between 
the different types of silt samplers. At each depth on a number of 
verticals samples were token with tbe help of the standard bottle 
sampler, and the coarse and medium contents compared with those 
obtained by Binckley, Puri, Uppal, and Jagot Ram samplers. The 
results have been examined in detail and it was found that except at 
points near to the bed there was a fail measure of agreement between 
the different samplers. It is proposed to continue this analysis with 
data which are being accumulated and to publish the results as a. 
wboJa Another experiment was carried out in order to find if tho 
capacity of the different samplers varied at different times. Fifty* 
samples were taken for each of the four samplers, Puri, Uppal, Jagat 
Ram and Binckley, and their variations about tbe mean capacity deter- 
mined. It was found that tbe Puri and Uppal samplers showed tho 
lowest variation. These, however, have a smaller capacity than 
the Jagat Ram sampler. 

' The object of these experiments was to find out if the labour of 
sampling could be reduced by taking a large volume of water onco 
instead of taking smaller volumes a number of times. As far as tho 
present results go it seems that samplers with smaller volumes gave 
a more consistent capacity’ than those with bigger volumes. Tbe 
investigations are proposed to be extended, 

10. Mean Silt Point on a VerticaL 
Tbe mean silt content of a channel has so far been taken as 
equal to the silt content at *0 depth in the centre of tho channel. 
This value was found as a result of some earlier experiments carried 
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. It has been shown that an approximate formula used br' him 
for tlie perimeter of a semi-elliptical section in terms of the surface 
width and the maximum depth can be replaced by a more accurate 
formula, which leads to a rigorous proof of a result given earlier by 
Jlr. Lacey, that the minimum regime velocity equals '882 feet 
per second and that this is attained only when the section is a semi- 
circle. It is also shown that for a semi-elliptical section the wetted 
perimeter will always exceed 

v/2~ IT. Area. 

17. Optimum slopes for Babehali Distributary, Upper Bari 
Doab Canal. 

The Babehali Distributary of the Upper Bari Doab Canal was 
giving constant trouble on account of silt and it was proposed by the 
Bxecutivo Engineer, Gurdaspur, to shift its head from JIain Brandi 
Upper to Kasur Branch Upper. The channel has a discharge of 
about CO cusecs and carries very coarse material. He requested that 
the slopes which should be given to the various reaches to obviate the 
silting trouble in future may be intimated to him. 

Bed silt samples tahen at different points of the distributaij" 
wore analysed, the mean diameters plotted against the E.D.'s, a 
smooth curve drawn and the values read for each of the ten different 
roaches for which available discharges were given. The slopes were 
calculated from the Bose formula 

q ni 

' Sn X 10^ = 2-09 

Q-21 

Theso ■wore compared wth the elopes calculated from the Lacoy 
Slope formula, but in view of tlio uncertainty os to tlio relation between 
f and in tho latter were not discussed furtboi. 

It was recommended that tho slopes as calculated bo adopted 
in differont roaches, provided tho chnnnol could bo graded in that 
manner. If, on tho other handr tho slope was to be uniform and equal 
to tho proiont overall slope then it would bo necossao* to exclude some 
of tho coarser particles at tho liead of tho clmnnol. It also appeared 
that there was not enough ovidonco to show that the shifting of tho 
ic.id would deriiiitcly result in the dislributarj* getting its water from a 
rhannel yith a lower silt intensity or with a liner bod silt than that 
from ^\hich it took off at present. 

18. Silt and Scour on the Main Line, Lower Jhclum 
Conol. 

Trouble due lo .silting was reported on tlio distributaries of tko 
Ix)\\rr .Iheliim Canal system. Tho advice of tho Institute regard- 
ing the ngrnding of tho ^farn Lino above Fnldrinn, by introduction 
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•of suitable falls, ^vas sought by the Executive" Engineer, Easul. 
The Xorthem and Southern Branches vere inspected -and consider- 
nblo silt movement -was noticed in 'the Northern Branch up to mile 
50. ‘ 

The object of the investigation was to see if the silting trouble 
was due to the scouring of the Jfain Line above Fakirian and if so, 
Avliether the chaimel required regrading. 

The silt and scour obsen’ations taken at every mile of the 
Lower .Tliclum Canal up to mile 89 were available in the Institute from 
IMay, 1935» to December, 1910. Those were analysed and it was seen 
that the canal -w as in scour throughout the reach, the scour in the head 
reach being about G feet and at tlio tail about li feet. After April, 
1938, there did not appear to be any tendency for the channel to scour 
or silt, though from Hay, 1933, to April, 1938, there was some increase 
in scour in the first four miles. 

The levels in December, 1922, and December, 1940, showed 
that the average bed slope between these two dates did not material- 
3y change. 

The samples taken from the canal in October, 1910, showed that 
there was very little silt deposit on the bed and that the samples 
contained more or less coarse bed soil. 

It was concluded that the trouble in the distributaries could 
not be due to the progressive scouring in the canal, which was running 
to a steady slope of about *18 per thousand since 1922. The bed 
silt diameter of the river samples also showed that this was the slope 
which may be expected from tlie Bose formula. It appeared, there- 
fore, that the channel need not be re-designed to a different slope, 

19. SBc DistnbcitioR cn Bikaner Canal. 

■\Vliile designing the lined section of Kakh Branch, the Executive 
Engineer (I^Ir. T. Blencii) was called upon to adjust the silt dis- 
tribution between the branch and its offtakes. There being no data 
available for silt distribution in a lined channel the present investi- 
gation was carried out at his request at B.D. 36,000 of Bikaner Canalj 
this point is about 2 miles below B. D, 25,000, where the lining 
on this canal starts. 

' The coarse and medium silt contents in suspension were ob- 
■tained at different points of the cross section. It was found that 
these increased with depth, but that there was little change with 
distance from the bank. These samples were also graded, but it 
was found that the silt grade did not appreciably change either with 
depth or with distance from the bank. 
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20. Rugosity Coefficients on Lined Channels, with special 

reference to the design of Channels included in the 
Lower Chanah Canal Lining Project. 

The values of rugosity on Haveli Main Canal wore first cal- 
culated by the Officer on Special Duty, IVaterlogging Investigation, 
and the Institute; from the data received from the Executive Engineer, 
JIain Lino Division pir. C. L. Handa).' The mean value of 
•OloO for Lacey’s N, was obfained from the data for Jlay, 1939. In 
subsequent analyses by the Listitutc of the data lor Juno and July, 
1939 this value rose to nearly ‘OICO. 

Subsequently the data for E. D.’s 2,500 and 217,100 of 
Haveli Jlniu Canal -were analy.sed by the Central Designs Office, and 
it was concluded that the values of N increased with a diminution in 
supplies. The Institute was asked to examine all the results and to 
suggest a suitable value of N tor the Loner Chennb Canal Lining 
Project. 

It was pointed out that the analysis by the Central Designs 
Office n as vitiated by the fact that the gauges at H.D. 2.500 and 217,100 
were too close to the beginning and end of tbe lined sections, and were 
mostly lor days of small supplies. 

The Milues for Lacey’s, jrnnning’.s and Kutter’s N’s wore 
calculated and it nas rotommended that while there was little to 
choose between the different formulio tbe salueof Lacey’s N equalling 
•OHIO would prove to bo the best guide. 'The corres])OnJing values 
tor Jtaiining's and Kuttcr’s N’.s wore suggested as •OLIO and ‘0117, 
rcspectivclj . It was aho saggcslcd that a discharge site be located 
on IheHuvelilfain Lino and daily obsercations taken fora few mouths, 
from which the relation lietwccii Y, E and S should be deduced. 

21, Design of Glacis Profile — I. 

Tim sbapn of the glacis of a weir or a fall has been investigated 
by Messrs. Jfontagii and Dose. The results were given in Appen- 
dices r.-A and (i-D of ’’ Irrigation C.iiial I’alls ”, C. 15. I. Publication 
No. 10. Driclly the object was to -o design the profile of tb6 glacis 
that the m.ixiinuiu horizontal ncroleration is imparted to the strc.iui 
leasing the cro-l. It was assunicil tjuil the stre.nu leaving the cre-t 
lOiiM be trc.ilul as a particle having the si„nc scloiity ns tbe hori- 
zontal Incan M'lia ity ol Ilia stri-.im and that the glacis had no friction. 
The solutions o|,tainciI by Mr Jloiitagu and Dr. Dose were, liow- 
eicr. diffiriiit. J’uitber, Dr. Dose, considered his own solution to 
be onlj a (lose n|>|iro\iinali(iu to Ihal de-ired. 

The mitbematirs given by jrontagii and Dose was fir-t re- 
ixaminid in en attempt to reconcile, it possible, the two aolutioiis. 
Till ' bd to a new method ol nppni.icb, based on tlie name ]iremi«es. 

Tie- m ilia main s ol Monliigii pnilde was r„„ml to be errimemi'. 

Il wa> lomid tint He re wa' an impeifectmn ni Hie logic, as Montagu 
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Ind imparled ne^jatne and po'^itnc toloeJlio; in ‘Jncco^sion \rilhoul 
nnting the fact that the glacH h a rcility and not nn idea! cur\o in 
Fparo. 

It alsi nppeirod timt lhi«> profile, npnrfc from its mathomatica! 
m\alidily gaio ns liigh n aerlicnl nccelorntion to tbo stream ns a 
liori7oiital nccclomlion, nnd lint it innv gi\o lighcr accelerations for 
initial \c1ocitiea lower than the one tiguiing m its equation. The 
object of rodticing tlio aertical acceleration as as not, therefore, ful- 
filled. 

Tlie mathematical dcrismlion of Bo^o profile asas found to be 
correct. Tins profile gaso n higher honronta! acceleration than 
Montagu profile for the ca«e o\aiiuned. It did not, howeser, reduce 
the aertic.al acceleration. 

22. Discharge CoefHcicnt, Degree of Submergence and 

Splay- 

Four ta*iie>> of fnlK as ere examined in the Hydraulic Section. 
Tl)o first of the-e was the yontagu typo; tlio other three were type* 
designed b\ the Central De«igns Ofiico. The latter had varying 
slopes ; acflical, 1 in 0, nnd 1 m fi. A discharge corresponding in 
the prototype to 1,G30 cu«oc« asas nin. The upstream splav osas 1 in 
2 and tlio’ downstream splay for cacli taqio araa aaried Tho values 
for the downstream «plny ssorc 1/2, 1/S and 1/5 Tho discharge co- 
efficients as ore determined m eaUi ca«o for different degrees of sub- 
mergence Tlio nnai^ sis of (lie data led (o tbe follow ing deductions : — 

(t) The degree of submergence has a aery significant effect 

on tbo co-cfficicnt, aslnch goes down ns the degree of 
submorgonco increases. 

(li) The downstream splay nl^^o exercises n significant effect on 
the co-officicnt If the splaa be 1 in n, then 
the co-cfficioiit increases with n 

(in') Tile tj pe of fall influences (he co-efficient, but to a much, 
lessor extent than downstieam splaj and degree of 
‘Jubmergence 

(it.) For low submergence, the co efficient is practically 
I constant and independent of fall tjpe and down- 
stream splaa 

(u) jMontagu tjpc gi'cs lower co efficients than the 0 D. 0* 

tjpes. 

(n) ■\Vithin the C. D. O. tjpes the co-efficients do not differ 
a era much, though there is a tendencj for co-effi- 
cients to increase as the slope is flattened. 

I Formula} expressing the co-efficieht an terms of degree of sub- 
mergence and D/S splfiy were worked out separately for Montagu, 
and C D 0 tapes ' ’ 
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23. Seepage losses on Kot Nikka Branch, Lower Chenab Canal. 

Kot Nikka Branch on the Lower Chenab Canal, is one of the 
lew lined channels in the Punjab. An estimate of the seepage from 
some part of the lined reach was considered to be of interest, in 
Tiew of the savings likely to be obtained elsewhere by similar lining. 
A four mile leach of the branch was selected lor seepage experiments. 
Jt was found that in portions the lining was badly damaged or mis* 
sing. 

There are five outlets in the reach and some of these were 
■running when the experiment was in progress. The discharges of 
these were measured by wooden flumes, and allowed for in the estima- 
tion of seepage. A temperature correction was also applied. 

In all there were 67 pairs of observations, of which 51 were 
retained for examination. Out of these there were 35 taken when 
the outlets were closed. The remaining 16 were taken when the out- 
lets were running. . r ■ 

The data were j examined and it was found that the most 
probable value of the seepage loss, reduced to 20® C, was 4*83 ciisecs 
with a probable error of *32, if the observations when the outlets were 
running are rejected. If all the observations are taken together the 
value came out as 4*27 cusccs with a probable error of ’25. The 
difference is probably due to the over-estimation of the outlet m3- 
charges by the wooden flumes. 

The losses work out to 6 cusecs per million square feet of wetM 
surface, for the days when the outlets were closed. This indicates 
that the maintenance of the lining in a good condition is of consider- 
able importance. 

24, Proposed seepage experiments on Dangali Dis- 
tributary. • 

It was proposed to study the effect of lining a part of the 
Dangali distributarj’. As the material to be used cost Bs. 

])er mile, the advice of the Statistical Section was sought regarding tim 
minimum length of the channel to bo put under observation 
number of observations required, in order that saving by lining might 
bo judged ns significant by statistical standards. 


It was assumed that : — 

(t) the seepage loss in the unlined channel was not less th^n 

8 cusccs per million square feet of wetted surface. 

(it) the iirobablc error of n discharge measurement was no 
more than 3 per cent. 

(ill) if the lining was olTectivo, it would reduce tho seep«sge 
loss by at least 25 per cent. 

(iv) tbo soopngo los.ses obeyed the normal law* of distribution- 
It was recommended that the length of the channel sliould ho 
3 miles and tliat there should bo two months’ observations (with 
ob6er%*ationB a day) both beforo and after lining. 



^-^IVr^:PEOBLEMS'OiVC0NSUMPTIbN.'-'v 

25.' Relation betwedn conductivity and'total'salts* 

. A stud 3 ’‘of the relation between conductivity and ‘conc'enl ra- 
tion for 23 soiie led to the idea that ut''a 1 : 15 concentration, 'dlie 
total salts’ percentage ‘ is of the same 'order of magnitude^ n's the 
thousandth part 'of conductivity. ' ’ ■' i' ■' 

By a study of the data for 235 samples analysed at this con- 
centration, the following tentative rules have been derived: — 

Rule 1 . — Conductivity (C) less than 75Q, ' then total salts 
■ I ' per cent (S)=C/1,000. 

Rule 2 . — C greater than 750, tljen S = (C/1000)-fO*l. 

These rules can be applied for finding the total salts* percent- 
age from the value of tlie conductivity’-, which can be determined 
much more quickly. Generally the object of finding the total salt 
percentage is to, pronounce on the quality 'of the soil. If S exceeds 
'2, the soil is supposed to be bad, while if it is less than '2 the soil is 
supposed to be good. It was found by an examination of the above 
data that for good soils C was less than 150 and for bad soils it was 
always greater than 250. TOen the conductivity lay between 150 
and 250 the total salts were given by Buie 1, but if the result is of 
importance it is advisable to confirm this value by direct tests. 

26. * Specific surface * of a soil. Its relation with other 
soil properties. Is It superior as an index to 'Clay 
Content 7 

The specific surface of a soil is defined as the surface of paiticles 
present in a given sample, per unit mass of the soil. The inde-\ is 
of considerable utility in analysis of soils, in ceramics, and m cement 
.testing. 

The determination of the specific surface involves the analysis 
of the sample, and the value of this index is dependent on the degree of 
fineness to which the analysis \‘an be pushed. In case of analyses 
carried out in the Institute, it was founa that very different values 
of this index were obtained for the same sample, according as the 
lower limit of analysis was *02 c.m., or '002 c.ra. It has now been 
decided that a uniform standard of analysis be adopted Br all samples, 
the lower limit being the same in all cases. 

The utility of any soil index depends on its capability for 
explaining the physical and chemical behaviour of the soil. The 
clay content of the soil is one such index. In order to compare the 
respective merits of specific surface ana clay content each of these 
two indices was conelated with each of the 11 other physico-chemical 
properties of the soil. The results shewed that there was little to 
choose between the two, and that both of them could be iised’for fore- 
casting all the other 11 properties of the soil. The reason for this 
lies in the fact that the specific surface increases with the proportion 
of finer particles present in the s-amplc, and these particles constitute 
the clay content nf the soil. 
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27. Graphical method for finding ‘ specific stu'face 

The utilitj o£ the specific surface as a soil index haiing been 
established, it iias necessary to find a nietliod by which it could be 
calculated fiom the results of soil analjsis The usual method by 
which it could be occlunted from the forniula expressing it in terms of 
summation percentages and diameters was fnirij long, and it took 
about an hour to find the specific surface of one simple 

By plotting the summation percentages against the recipro 
cals of the diameters, passing a smooth curve through the plotted 
points, and estimating the area enclosed between the cuno and the 
two axes, it is possible to determine this index much more quickly 
By making certain adjustment s it was possible to determine the 
specific surface directly from a planimeter reading of the area The 
entire plotting and quadrature took about five minutes 

28. Increase in cultivated area through Drainage. 

A considerable increase m cultivation on the left side of the 
Jlain Bine, Bower Chenab Ciinl was noticed dming the winter iii» 
poction In the previous veirs the cultivation of this area was most)) 
confined tc who it in the liahi This year cofton was also noticed 

'Ilio Matorlogging Assistant to the rinancial CommisBioncrs 
was requested to verity fiom the revenue records the progressive 
increase m cultivation in this area, which had been served by the 
newly constructed drain 

The Suiierintonnmg Engineer, Drainage, had cailior suggested 
tliat tlie ctlicicncy of a dram niav be measured ns mucb by tlie in- 
crease of the cultivated area as by the increase in pereeiitngo run 

Tlie Clncf Engmccr desired tint an enquiry ns to the increiscd 
cultivation of matured areas, if any, from the rovenno records be 
earned out, both before and after dbe constniction of tbo dnia 
rigiires for cultivated sown and matured areas for 10 villages in the 
tricl wire oblamnil The data were oxnminod in the Institute h 
was fennd that tbo cultivated area was practically constant from 
19J1 05 (o ]pj 9 JO 'p]ie nfea sown iii Klinrit, however, sliowcil nii 
imrcaso of 00 jier cint and the rata area an increase of 35 per cent on 
the loot value The crops in which Ibere was the greatest improve 
ineni could not be h|)Ciifioil but flic noticeable increase in Ivlmnl 
seemed to oonlirni tin lultivaliou of cotton noticed earlier 

Tbo iiureiHes in tbo area matured were of tbo same order, 
00 ]ver cint in Ktainf and 18 pir cent m Bain . 

The rnaturod nrci axpressed ns a percentage of tbo cultivated 
ana sliowed n consistent increase 

It n)iprnrid, llierefim, llial Ibere wore delmite increases lu 
Fovvai and malnred areas from lOOi-Ol onward and that Ibefc 
mereasifl were being maintained 
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29. Chang:cs in thnr area in 8 districts of tHc Punjab. 

The difitnetB cliosen were, Sheikhupura, Gujranwala, Gujrat, 
Sliahpur, Jliang, Lahore, Montgomery and Lyallpm;. 

It was proposed by the .Land Eoclamation Board to, reclaim 
the silt stricken areas in a given number, of years. If this area^were 
-constant the area to be reclaimed per j'ear would be given by the total 
area divided by the number of years in which the reclamation was 
to bo c-irried out. But as the thur (salt) in each district was 
Jncreasirg, an additional area equal to the probable rate of increase 
would also have to lie reclaitneil every year. The object of'the in- 
vestigation was to give Ibo Land Reclamation Board an idea about 
.the rate of increase. 

The data showing the total ihtir area in each district were 
.copied from the reports cf the Waterlogging Assistant to the Finan- 
cial CommisMonor?, given in the printed i>roceediDg3 of the Weter- 
logging Board, for the years 1931-82 to 1939-40. The average rates 
of increase were worked out by finding the slopes of the straight lines 
fitted by the method of least squares, to the values of thurior each 
district. ' 

It was pointed out that the average rate of increase for all the 
districts taken together, was nearly 28,000 acres per year. This was 
nearly *8 per cent or about 1/330 of the total culturable commanded 
area. The rate of increase was both absolutely and relatively the 
largest in the Sheikhupura district, being 16,840 acres or 1*36 per cent 
of the culturable commanded area. This was followed by Gujran- 
wala, where the rate of increase was 6,260 acres or '62 per cent of 
the culturable commanded area. 

30. Early closure of Kharif Channels and Rice Cultivation 
on the Upper Chenab Canal* 

The Chief Engineer, North, wanted that the Raya Branch 
and other Kharif channels of the Upper Chenab Canal may be closed 
on the 3rd October, i.e., about 12 days earlier than the present scheduled 
time of closure. The object was to utilise the^ water released by the 
earlier closure, on Rabi sowing in Lower Bari Canal and additional 
watering to cotton in the same area. , i r l 

This measure W’as, however, considered likely to aitect the 
rice crop on the Raya Branch and other Kharif channels, and the 
Director, Agriculture, Punjab, was requested to have experiments 
carried out with a vieur to studying the effect of a shift in the last 
dates of irrigation from 15th October to 3rd October. The expen- 
ments were carried out by tho Cerealist, Agricultural College, Lyall- 
pur, at the Bice Farm, Kala Shah Kaku. Two varieties of nee of 
fine type, 370 Basmati, and 7 Mushkan, were studied, as these cops- 
titute according to the CerealiBt, at least 50 per cent of the tota nee 
area on Eaya Branch. The factor studied was the yield of the 
crop. 



116 

Expenmentfi ■nere also earned out by the Supenntendiig 
Engineer, Upper Clienab Canal, with a view to studying the effect ol 
earlier closure on the jield as well as the quahty of tbe fine and the 
coarse varieties. 

The Institute was asked to venfy the results obtamed by He 
Cereahst, and the Superintending Engineer, Upper Chenab Canal 

The points at issue can be set forward in the form of the lol 
lowing questions 

(i) If the Kharif channels on tne Upper Chenab Canal aie 
closed on 8rd October instead of on 15tb October, 


will the area under nee shrink, 

(a) As a whole ? 

(b) Fine vaneties only? 

(c) Coarse vaneties only ? 

(ti) Will the earlier closure decrease the yield, per acre, ol 
(a) the fine vaneties (h) coarse vaneties ? 

(ill) How will the quality of the gram, i.e , its size, 

Jo breakage and aroma and elongation in cooking W 
affected by the earlier closure ? , , 

(in) Can the effect, if any, of earlier closure on the yi™ 
counteracted bj planting the nee earlier by an inlerra 
equalling the shift in the date of closure ’ , -d ra 

(n) Can the water released by the earlier closure of the nar 
Branch and other Hianf channels be utilized m 
greater advantage to the department and to the cun 
vators on the Lower Ban Doab Canal ? 

(of) Is there a case for the introduction of an 

vonetj of rice in tbe tract imgated b) the n 
Branch and other Khant channels ? , , 

Tlio data collected by tbe Cerealist and the Superinten o 
Engineer, were examined in detail and a report prepared r 
conclusions are gi\ en below — , , j 

(a) If the kharif channels on the Upper Chenab Canal are c J 

8rd October instead of on 15tb October,^ 
urea under fine vaneties may show “ lipr 
with a corresponding gam under coarse caneties of nee Thu e 
closure is not liUeh to inako the rico area shnnk ns a whole 

(h) The earlier closure is Iikelv, in drj j ears, to cause a dec 

meet on 5 ieU J''® fino canctics This <>®®'”'’ '|,;,ting 

to bo about 5 — 7 per cent if the transi 
IB completed bj 14(h Julj and much higher if it iB not comply 
the beginning of AuguBt 

If there IS ram in October, (here niaj bo no declmo ...ff-rfl 
The jield of coarse \nnetiefl does not appear liKeh to 
<lcchno if tbolnBl watering ib slutted to 3rd October. , 

(c) Iho earlier tloMiro ma^ nficct tlio ‘ *1**®^*^) 
rte.t<m,n.i,.,. graiiis-as judged bj per cent of f®®f‘ 

brcaKngc in nulling and aroma anu ^ 
in cooking— Eomcwiml ad\er8el^. 
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The effect on coarse vaneties is liiely to be negligible 
(dj The adverse effects, if anj , of f be earlier closure on the yields 
ESect oferto ptato. «?" i^inuzcd by a similat shift 

in tne date of transplanting, if the latter is not 
delajed beyond the middle of Julj 

(e) The loss if anj, to the cultuator on the Upper Chenab Canal 
IB lihely to be offset by a gain to the cultivator 
CaM“.fio«frB rPnfcb Lowcr Bin Doab Canal of ai, amount of 

Canjii Again the Same Older The Irrigation Department ma^ 

gam on the transaction 

if) The introduction of an earlv maturing fine variety, ^vhich can 
E.rij vneiy needed be traiisplaiit^ed during the first fortnight of Julj 
^m 11 reduce the loss, if any, to the Upper Chenab 
Canal cultn ator and re^ enues 

Ramvdinoiheip ,, , (S) In most years tbe earlier closure IS not 

hkelj to be compensated h\ October rams 
(h) It is recommended that, m view of the likelv importance of the 
« .♦ shift, expenments on Meld should be contmued 

Expe„n.e„.. ee«, ^ or 3 years-both by the Cereal.st 

and bj the Supenntendmg Engineer, Upper 
Chenab Canal — and that the former should also conduct tests for 
tun ‘ qualita,’ on lines similar to those followed b\ 
E«ir miety .hoiOd b, Superintenomg Engineer, Upper Chenab 
Canal He should also in\ cstigate tlie possibility 
of an early matunng fme \anety and institute experiments on coarse 
varieties to confirm the results obtained in Ka^a Division 

31. Lay-outs for Experimental areas in Thai. 

There are large sandv tracts in the area commanded b^ the 
Thai Project vhere, it vae considered, the normal irngation practice 
would not be successful It had been suggested that a 6} stem of 
basin irngation be introduced mstead of the poreumal imgation as 
the former ^\as likely to level up the sand dunes and bind the soil 

For the present, it v>os proposed to study the following factors 
at five experimental farms in the Tlial area — Kundian, Bliakknr Mam 
Line Lower, Bhakl ar Canal Colonv, Lciah and Ivhushab — 

(а) MHietber perenmcl irrigation (with or vithout silt) could 

succeed in that area and if so, which of the common 
crop rotations would aicld the host return per unit 
of water applied 

(б) Basin irrigation versus perennial irngation 

(c) Best sowing time of cotton 

\d) The effect of crops requmug large quentities of water 
on the nioicment of salts 

(e) The imestigation of the depth of penetration of water 
into the soil under cUahi imgdion and its effect on 
salt moaenient 

Suitable designs for these expenments in randomised blocks 
or m the form of ‘ Latin Squares,’ dependmg upon the nature of each 
ospenments, were worked out 
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y.— ADVISOBY STUDIES. 

32. Failure and Reconstruction of the Tail fall of 
' Nathaura Escape, Hardoi Branch. 

The Nathaura Escape takes off at mile 35 of Hardoi Branch of 
the Sarda Canal. It is designed to take a maximum discharge of 
2,000 cusecs and has an outfall into the IChanaut Nadi. There were 
two falls ouit at mile 0-8'461 and mile O’d'lOB. The latter of these is 
the tail fall. 

Both these falls are double falls. The upper one has two steps 
with drops of 4 feet and SJfeet, respectively and the tail fall had two 
steps with drops of 4 feet and 6| feet. It appears from the plans that 
the vertical cut-offs originally provided with each fall were compara* 
tively shallow’. 

The tail fall failed on 31st October, 1938. The bed retrogressed 
to within 50 feet of the downstream floor of the upper fall, which 
was, I however, not damaged. 

Two proposals were made for protecting the upper fall. 

(a) Eebuilding the lower fall with two steps as before. 

(b) Extending the talus of the upper fall in the form of a 

rapid. 

The respective costs of these proposals were estimated »t 
Bs. 1,05,000 and Bs. 85.0C0, respectively. 

The proposals were examined in the Institute and Dr. Uppa] 
suggested that the presence of the rapid at the end of the upper 
may do away with the necessity of rebuilding the tail fall. He also 
gave suitable values for the slope of the glacis and for the length ot 
bonzontal floor downstream of the toe of the glacis, and also the 
pattern, positions, and dimensions of the staggered blocks to be place 
above the floor. 

The depth of the downstream cut-off needed to prevent piprh© 
and the thickness of the floor required to counteract the uplift wem 
later worked out, after the appropriate safety factor was estimated 
from a grading of the bed silt samples taken at the site of the propose“ 
fall. The glacis and the downstream floor of the rapid were as usaa* 
taken to ho impervious. 

The design finally evolved by the local offleefs was, howeyd 
for a perincahle, flexible rapid made of wire mattresses filled y * 
hneks, •mthout any sheet pUing at the end of the level portion. 
also worked out the design for a separate taU fall, which can roplac® 
tuo fniled Btructuro. 


BoUi the designs— the separate fall, and the addition of » 
rapid to the upper fall— were examined in detail. It was considerM 
that the replacement of wells by lines of piling would improve both 
designs considerably, and that the first delign though more cosUf 
-was Bupenor. ° 
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33. ' Approximate Formula for finding the Slab Thick- 
ness for Bridge and Girder Spans.' , • ' 

The load on a bridge may be- divided into — • ' ■ , ’ 

(а) Vcad load^ ue.t the static load due to the \\’eigbt of Uie 

.bridge material, and" ',- 

(б) Live load, i,o., the moving load due to the traffic passing 

over the bridge. , , 

The ‘ Live Load ’ can again be classified as — ' '' 

'(6j) “ Knife Edge Load ” or “ K.B. Load ”, i.e., load taken 
' ' to bo concentrated at a point. 

" ‘(& 2 ) “Distributed Load” or load distributed uniformly 

over the span. 

As the live, load is often, likeJj' to be- applied to the bridge in o 
sudden and violent manner, it is usual to make an allowance for its 
impact on the bridge. This is dono bj' multiplying tlie live load by a 
factor known as the “ Impact Factor ” and adding the product to the 
live load. ii- l 

For a reinforced concrete bridge the depth of [the cemenf'abov 
the reinforcement is determined by .equating the moment of resis- 
tance of the reinforced slab for each girder span to the total maximum 
moment of bending due to the dead and the Jive loads on that spanV 
The depth thus found is increased by the depth of cement placed ‘ate a 
eover below the reinforcement. ' ' ' ' 

■ ' The value of the depth of tho cement above the reinforcement, 
with the Indian Beads Congress Standard‘ Loading, was found ^by solv- 
ing the equation obtained by 3Ir. Baker, Officer oh Special Dutyj 
Communications Board, and* deriving an approximation. 

It holds only within tho following limits of the-values 
(span of the bridge) and * s ’ (span of the girder}.^ : The limits aro 
those set by Mr. Baker, ' t 


Variahle. Maximum. 


1 GO' 

S-' .10' • 


The approxim ation is : — 


. r 

di = v 3s (i + 

, • J 


•. 03 L-d"^0j 

lOO^ 'L+So’ , 


Minimum. \ 


10' 


s and 1 being the spans of the girder ^and the bridge, rMpcclIvely. 
IVithin the ranges fixed for 1 and s it gives rosuUs identical, for all 
practical purposes, with those given by Baker s cqaation. 
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. The maximum error from the above formula does hot .exceed 
3/4 per cent (reIative)'or ^ iilch absolute, and the actual error rrill be 
much less. The order of accuracy is, therefore, about as good as that 
attainable by a nomogram. , ' ^ ^ 

34, Stabilization of earth roads. 

The stabilization of a soil road requires as a preliminary a 
knowledge of the optimum proportions in which the various ingre- 
dients should be present in a soil mix. The next problem usually h 
to find out the proportion and grading of the stabihzer which may he 
added to a soil of known constitution to enable it to stand up to traffic, 
in case it is not considered stable enough to do so on its own. The 
knowledge of the optimum proportions of fractions of various grades 
has been greatly advanced by the experiments carried out by Hogentog- 
ler, for the Division of Tests, Bureau of Public Boads, United States, 
America, and in the absence of any adltoo experiments carried out in 
India, their results may temporarily be accepted as standards. The 
Bureau have not, however, expressed their results in a mathematical 
form aud it was, therefore, considered desirable that a preliminaiy 
examination of these proportions may be undertaken. 

The equation of the optimum curve was found by double* 

logaritlimic plotting and correlation ag, S=82 -wliere S per cent 
Of particles have diameters below d mm. The other properties of this 
curve were also investigated. 

It was noticed that this curve required a very large propor- 
tion of particles above * 6 mm in diameter. It was obvious that for 
soils which are rich in clay or otherwise incline to the fine side, tbo 
ratio of the weight of the coarse stabilizer, to the weight of the soil 
Bongbt to be stabilized may exceed unity. The availability and 
transport of the large volumes of the stabilizer involved may not 
always bo possible. 

It appeared that wliilo Hogentogler’s cur^'cs might be accepted 
ns standard in (lie absence of any thing better, their applicability to 
Punjab soils should bo fprtber examined on the follovdng lines:— 

(i) Analyses of typical soils from all the regions where tlio 
roads are proposed to bo stabilized should be carried 
out (in case tiicso are not done already) end the 
results tabulated and plotted. 

The same thing should bo done with the stabilizers which are 
likely to bo available. 

(li) Using Hogentogler s Cun-cs and their derived properties 
It will then be iio^siblo to fix the percentages and the 
typos of the stabilizers wliich will suit a given soil* 

(til) If it is found that the weight of the stabilizer is, in generalr 
greater than 10—15 per cent of the weight of the sod. 
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, attempts inay be made to see if by adding the pro- 
' ft portions ■which can be economically'r added t in , the 
field, the resulting soil mortar does not showv^as good 
results. as^Hogentogler’s. - 3 - < „ 


35. Graphical solution for ‘Flow point’. 

For flow in rectangular channels the equation connecting the 
ener^ head, H> with the depth of flow, D, and the "velocity "of flowj V, 
is given by the equation 


H = D + 

This equation can be ViTitten as — 

H = B + 

where q is the discharge per foot run. This equation forms a cubic 
in D. It can have two, one or no positive roots. The solution of 
this equation in terms of q and H is given in Buckley’s Pocket Book 
of Irrigation, and involves a trigonometric function, representing an 
angle. This ‘ angle function ’ has been termed by Mr, Hickey, Chief 
Engineer, United Provinces, as a * Flow Point.’ 

Mr. Hickey has applied the idea of flow point to the elucida- 
tion of certain problems in regard to the formation of standing ^^ave 
and flow in regime channels. At his request the methods adopted 
by him have been examined. In addition a geometrical solution has 
been suggested, by which the flow point can easily bo determmed it 
the Energj'-Depth Cur^’e for a given value of q has been plotted. 

VI.— SUMMARY AND DISPOSAL. 

The more important results of each investigation, and the 
form in which these have been put on record, are given below : — 

(a) PROBLEMS OF PRODUCTION. 

1. — ^Jaba Failure and after. 

The theoretical solution for uplift under a floor fitted with a 
downstream pile not driven into a clay stratum (Ipng below the sand 
on -ahich the floor rests) is obtained. 

Note ijot yet complete. Results will be published in due courbe- 
2,— Sloping Toe-wall and Kalabagh Weir. 

Solution for uplift and ciH gradient for a work with sloping 
toe-wall is found, and applied to tho (then) propo=^ed case of Kalabagh 
Weir. 
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to unity both for regime and non-regime sites. To use the formula 
ns fi criterion for regime, it is necessary to study more non-regime 
sites and to show that the formula does not fit them as well as it does 
the regime sites, i 

, Note (pages 11) sent to the Central Board of Irrigation, Pub- 
lished as part of the proceedings of the lOth meeting of the Bosoirch 
Committeo. ' 

14 . — * Shock * and * Coherence * in Regime Flow. 

‘ Shock ’ is a measure of channel condition, , and * Coherence* 
of aggregation of bod particles. Using Lacey formula), it is found 


that Shock per cent = log G^, where Cj^ = V/1GB"/^S^^^’ 

The effects of shock on slope und bod silt are expressed ns powers of 
Cj^ IVith no shock, Cj^=l, and the silt factors f and f^ are cqunl- 

A geometrical way of ropro'^enting shock is given. 

Note (pages 3l-fl diagram) .‘!Ont to tlio Central Board of Irri- 
gation, is under circulation. 

IS. — * Most efficient * Section. 

The most efficient section, i.o., the one which for given porimeterr 
r, and fixotl water width, W, Ims inasimum sectional area, is not ft 
nmi-ellip«o, a's Lacey thought, but a segment of a circle, a* 
riiown by the Calculus of Vnrinlions. 

Mr. Locc}* informed. Sej)arato note not yet ready. 

16. Khusholnni's * Rolling Theory* of Floiv — I. 
lOiu-hnlaniV ni>pro\inmlioii is replaced by exact formuI^P* 

It is shown that lining Laev\ rormuho, the minimum mean sectional 
Nelocity ja ‘PSr/^exond, ns shown by Lacev, and that the section 
IB then a ficim-circlc and not nn ellipse ns gi\ oh by ICliushnlani. 

Mr. Lacoy and Prof(*=''Or ICliuslmlniii informed. 


Note (pages C) prepared, 
comment ** on 'Bolling Th<'or\ 


It will bo publi'shed with 

17.— Optimum Slopes for Bahchali Distributary- Upper 
Bari Doab Canal. 

Tlif chaiiiifl c.in run to Us ixisting overall slope, if Fonio coir-e 
^xflndevl nt Ik id. A clmngf* in parent branch may no^ 


fill U «xclu<!<‘vl at IkwI. 


fingramn) fttii to Uxt^-utivo 


Ihignieco 


Note fpng(H 17 r2 
fiun!'**] nr I>;v i-jnn. 

18.-Silt and .cour on Main Lino, Lower Jhelum Canal. 

'' !•' Hi to 1 j toH at In.l. i’rorn 

J.' In I. ‘10 I. fr„uni.K and tl... Bilt,,,.; troulilo in Ilia -Ik- 

lril-ilar.,> 1 .w. r dn-.n c.Minoi IlnnW lia n-mW lo iirogrfi''’ 
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scouring in this reach. The channel runs to • 13 ^per thousand which 
is what Bose’s formula would give with river silt. Its regrading to 
a different slope seems unnecessary. i i • . j 

- ' Note (pages 74-2 diagrams+S sheets of sections) ^sent to' the 
Superintending EnginecTf Lower Jhclum Canal. ' ‘ ‘ ‘ ^ 

19. — Silt Distribution on Bikaner Caiial. 

Silt content at the lined section at B. D. SgIoOO, increases 
with depth, but there is little change with distance from the bank. 
The silt grade (i.e., mean size) does not appreciably change with 
either. 

Note (pages G) sent to Mr. T. Blench, Executiv'e Engineer. 

20. — Rugosity Coe£dcients on Lined Channels with special 

reference to the Design of Channels included in the 
Lower Chenab Canal Lining Project. 

From an analysis of the values for 8 months, of V, K and S 
on the Lined Haveli Canal, a value of *0160 for Lacey’s N was recom- 
mended for use on the Lower Chenab Canal Lining Project. The 
corresponding Manning and Kutter’s rugosity coefficients came to 
*0149 and *0147, respectively. 

Note (pages 24-f 1 diagram) sent to the Chief Engineer, Northern 
Administration. 

21.— Design of Glacis Profile. L 

Montagu’s profile is based on a fallacy. Besides, it gives a 
high vertical acceleration to the jet, which it set out to reduce. Bose’s 
treatment is mathematically correct but does not also fulfil the second 
object. 

Note (pages 294-8 diagrams) sent to the Superintending Engin- 
eer, Western Jumna Canal (Mr. A. M. R. Montagu) and to th» 
Central Board oj Irrigation. 

22. — Discharge Coefficient, Degree of Submergence and 

Splay. 

In the cases examined, the discharge coefficient increases 
■with (i) decrease in degree of submergence and with (it) increase in n, 
where D. S. splay is l/n. It was higher with Central Design Office 
tj'pes (slopes : vertical, 1/3 and 1/5) than Tvith Montagu type. 

The matter is still imder investigation. 

23. — Seepage losses on Kot Nikka Branch, Lower Chanah 

Canal. 

For a 4 mile reach on this channel — lined but nowjn bad con- 
dition over some portions — the losses came to 6 cusecs per million 
square feet, from 85 sets of values. With the outlets open these 
drop to cusecs (22 sets), j 

Note (pages 9-1-1 diagram) sn^arized for Waterlogging Board, 
Published in their printed 'proceedings. 
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water surface by abcut 10 feet. ' Iii tbe next test, tbe'first row of 
the blocks instead of being at tbe toe of the glacis was moved to a 
point 10 feet do'wnstream of tbe toe. The results of this arrangement 
are sho'wu in Series 8 of Table 40. Tbe depth of scour in this case 
■was slightly less than that obtained in tbe previous case. The lino of 
maximum velocity -was also closer to the surface in this case. Tlio 
following arrangement was found to be tbe most satisfactory 

I. — One row of 5'x2'5'x2'0' blocks in two lines at 10’ 
, do'irastream of the toe of the glacis. 

n.— One 'row of 5'x2-5'x2‘0' at the end of therapervious 
floor. , 

Further tests were carried out on triangular instead of rect- 
angular blocks -with the object of preventing shingle accumulation 
on the floor. The original staggered blocks in the first row were 
replaced by triangular blocks, ’the sloping side facing upstream. The 
shape of "the do'wnstream row ol blocks was not altered. 

In order to examine tbe movement of shingle, coarse bajri 
V in diameter -svas introduced into the water upstream of the crest, 
'iho results for this arrangement are sbo'wn in Table 40, Series 4. ft 
was found that most of the bajri accumulated upstream of the first 
row of blocks and a little wliich passed over tbe blocks accumulated 
on the floor down stream between the rows of blocks. From the 
point of view of sbingle movement on the floor these triangular blocl'S 
were not satisfactory. 

DilTerent shapes of blocks as illustrated in Figure 48 were ne-vt 

tried. 

Types of blocks examined . — The results obtained in the dilleieiit 
cases are given in Table 40, Series 7. The shingle tests showed that 
the most satisfactorj shape of tho upstream row of blocks was that 
in Series 7. The arrangement is illustrated in section and in plan 
in Figure 49. 

(tij Investioation or a Model of ICalabagii Wsm to DETEnMi.xK 

VPLIFT PRESSURES OX THE FLOOR OF THE WeiR. 

ExiiorimcRts were carried out on a model of KalnLngli 
to a Fcale of 1/100 for determining uplift pressures on tbo floor of tljo 
weir under the following conditions of tlie suli-soil 

(n) ^^llell tho sub-soil consisted of unitorm Band, 
and 

(|j) lion tho sub-soil was n mixture of Sand and filiinh;!'* 
Ill \.irynjg proportions. 

In ibe first gerie-^ of cxpeninents tbo modol was constnicfcd 
on sand alotia and pressures were recorded at 21 points. Tlio 
charge tliroupb tlie Mini under tbe mode] was also obson ed- 

it van 1 ‘ 1 ce per Sh-coml or fi litre*! per hour. Tbo hydraulic gradient 
from the ob<PT%*ed pressures is drawn on Figure 50. * 
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For (1)0 Bubsoquoaf tests (lio tnodol vrus dismantled and tho 
BAud undomcatl) Ibo model was replaced hy a mixturo of^coarse bajri 
and Band in tho ratio of 1 to 'Iho packing is shown m Figure 51. 
Pressures wore observed nt ibo same points as in tho provious e\pen- 
ments A plot of the observations is made in Figure 50 for compnn- 
Bon. Tlio discharge was also measured in tins caso with tho samo 
lieul ns before across the work and worked out to be *5 cc a second 
or 1 8 litres an hour. 

— IVlion sand lindcnioath tho work is replaced bj a 
mixture of B-and and Bliinglo (be transmission constant of the material 
IS reduced and (ho pressures on the floor of tho wrorlv are increased 
It is showm m Figure 51 that the preSBures on the upstream portion o£ 
the work are higher in the case of slimglo and sand than those observed 
with Band alone Considerable cltfliciillj was expenencod in obtain- 
ing a sati'sfactorj contact between the base of the model and the under- 
Iving sand shingle muxture 

Experiments were next earned out with a percentage of shingle 
greater than 50. In tho first experiment the shingle used was 60 
per cent and Band 40 per cent and m the second case shingle 75 per 
cent and sand 25 per cent In both these cases faults developed 
at the downstream end of the model and tho contacts between tho 
base of tho model and the underhung sand slungle mixtures were 
unsatisfattorv. Tins is shown m Figures 51 \ and 51B Sand 
started to hlow at tho downstream end and the pressures on the work 
which resulted m this case, as shovm in Figure 50, were very high 

In continuation, the oxpeiiments were carried out on different 
sizes of shingle. In the first senes of oxpenments shingle varyings 
between f' and V avas used with vnrving proportions of sand The 
results ore illustrated in Fignro 52 'Wlien tlie sbingle-sand mixture 
was in the proportion of 50 50, no blowing occurred at tbe downstream 

end of the model Yi'hen, however, the proportion of Band was re- 
duced to 38 per cent and 25 per cent blowing at the downstream end 
of the model occurred and the pressures consequently increased con- 
Biderablv In tho second senes of expenmenta shingle between 
and Y diameter was used and again the proportion of sand was varied. 
Tbe results are shown in Figure 53 tVith 60 per cent shingle and 
40 percent sand mixture no blowing occurred and the pressures obtained 
in this case agreed with those m the 50 50 mixture used m the 

previous expenraents In the case of 20 per cent sand and 8o per cent 
shmgle, blowing occurred and the pressures at the upstream portion 
of the model were Ingber than those with a 50 50 mixture 

A third senes of experiments was earned out with vanous 
grades of shingle and all with a 50 50 sand shingle mixture The 

results are shown in Figure 54 'In all these cases no blowmg occurred 
and the pressures observed appeared to be reasonably consistent for 
all grades of shmgle examined f ; 
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Two wtre croctcj, one clo-e to tlic N'nwnb Bund and tlio «i'Co-3 

at jKjint ‘L ■ ‘•bonii on the plan iii ligure h't A discharge c<]uitj 
I dil to J',000 iH'lC' waa nin in the riier and bunds were put la at 
till inoutlLS of lla cuts tint no flow took plate tbrougb Iho cit< 
Till nit' Wirt opi iiid and the laglit iretk was pradiinll) tlO'Od 0! • 
tail 111 ' of witir hacK at both guigi' win. tiikiii regularh. \\1 j 
till piug ■■ bi < atilt 'U id), a further eatiii-ioii of the bund was nini' 
Afte' icinipl til) clii ing off the right cruk, Iho tintral cmk tn' 
a! <1 rill 111 in a 'iniil ir manner. Tht ailiole ojicritioii took about tj 
hjif' Till M ilir UmI' oh irnd an ‘■honii in Table II. Iroiiis 
I \ iiiiiii limn of till- tahli it will he 'iiii that (lo-nig of the rijjlit irn i 
I T i 111 iihiig iiji of nliiiiit 2 .fill on the gaiigo at '1.'. UT.' 
tin I iitrilrri 1 Hal-iiilo dthnilin gingoat'L goes up h) alo ' 
0 •' f, . • 
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‘ l)eferminaixon ‘of the directions of fiow in the river npsiream of 
the tceir. — Before carrying out the tests on the divide walls it was- 
considered necessarj’ to ascertain the' conditions of approach of the 
river to the weir. In order to determine the directions of flow of the 
bottom water, weighted soap balls of three different colours, blue, red 
and green were dropped into the water at the railway bridge. The 
red balls were placed in the river on the right side, blue were dropped 
in the centre and green on the left side. The discharges equivalent 
to 150,000, 200,000 and 800,000 cusecs were run on the model and 
the courses of the walls which travelled on the bed of the river were 
traced. This is shown in Figure 79. It will be seen from Figure 80 
that the water which feeds the canal flows along the left bank for a 
short distance downstream of the bridge, then round the nose of the 
left guide bank and finally along it. Water from the right creek does 
not appear to travel to the canal regulator. The directions of flow 
for the surface water were also recorded. Lighted candle floats were 
photographed at night. The directions of flow as observed by this 
method are given in Figure 81. It will be seen from this figure that 
the surface floats take the same direction as the bed currents. It 
follows that the canal is fed only by the water flowing along the left 
guide bank. As a result of this experiment a site close to the nose 
of the left guide bank was selected for adding silt to the river for the 
later tests with the divide wall. 

Determining the effect of varying length of divide tmll on the silt 
entering the canal.— Divide walls of length s GOO feet, 450 feet and 800 
feet were constructed in the left undersluices at the fourth pier. A 
definite quantity of silt was added in the river at the nose of the left 
guide bank, and the silt in the canal and in the river downstream of 
the undersluices was collected in deep trenches. The discharges 
examined varied from 100,000 to 800,000 cusecs and the arrange- 
ment of gate openings adopted was os below : — 

Gate openings of the weir and the undersluices during the silt tests 
with divide, wall. 


Discharge. 

LeO nnder. 
elniee 
gates. 

Weir. 

Gates 

Right under, 
tloiee. 
gates. 

1 

2 

3 

BGS 

6 

100,000 cnsecs . . 

6—7 

11—19 


1—7 



2 I 

8*1 

160,000 „ .. 1 

5-7 1 

n— 10 

24—35 

1—7 


4 95 

4 8 

6-65 

200,000 


11—19 

24—35 



8 05 

9 0 

12 0 


Onto opening 1—10 and 20—23 (Weir oiL 
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Tbo quantity of silt added to the water in the river was 1 ctt. 
per hour in 100,000, l'2o eft. per hour in 150,000, 1’5 ctt. per 
liour in 200,000 and 2 eft. per hour in 800,000. The quantities cl 
rilt collected in the river below tlio undersluices and in the canal 
downstream of the regulator aro shown below : — 

Silt entry into cnnal with dijjcrcnl lengths of the divide icaUJordifJtrtnt 
rtver discharges. 


L*R;rth of tHe diTide 
Wall. 

100,000 

110.000 CQIMI. 

500,000 eui^c*. 

300, CCO toti. 

GftT It CTT. 1 
It 4 JtOCM. 

SitT It err. 
rv4nor». 

Silt it err. 
It 4 noms. 

Silt It CTT. 
w 4 norw. 




niTfr. 

i 

Canal. | 

niTfr. 

CatuL 


.. 1 

1 -SI 

•SO 

-CO ! 


I i'frd \ 

•cl 

1 

1 8'ST 

n 

4V>‘ 


•50 

•32 

^^9 

1 -72 

•63 

1 8-35 

D 

3(^1* 

|g 

•103 

•13 

1 1 

•303 

•67 

?'6 

4 }i 


Tram this c.\iieriinent it will bo seen that as tbo Icnglh oi tt* 
diaide vail d(vrcn‘'es the silt entrv- into fbe canal generally diiuini-lifS| 
This inve-tigation shova that a diaide wall 800 feet in length situated 
at the louith pier is preferable to either ono of 1.50 feet or COO feet. 

A similar .series of e.vperiments was carried out vith dbif* 
v.ills of van'ing lengths constructed at the seventh iiier. 

A coiiipari.on of the quantities of the silt entering the c.sad 
for tie' sari'ius conditions is giseii lielow ; — 

Sill entry into cniUit uilh different lengths of divide loail and different 



j But I'J Tiir Cakal. 

1 .* •ii'tJi < f I« w.tll 

1 I>iault'Mn!I 






j (it Iiti |ui r 



r. .. (., ■ 
S'-' .. 


I’lTIUInr JI'I.IKIO Cl,,, c. 


It «. 

s 22 

4 02 

4 -a 
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Length of divide wall. 

Silt in the Canal. ' 

Divide wall.i 
at 4th pier. 

1 Divide wall 
at 7th pier. 

/ Pibchauge 200,000 Cusecs. 



lbs. 

lbs. 

600 feet 

22-2 

' 6-0 

450 „ 

12'4 

4*0 

800 „ ^ 

9*5 

4-4 

Discharge 250,000 Cusecs. 


600 feet 

86-0 

15'7 

800 „ 

28 4 

5-1 


For ihe regulaUon Weir bays 1 — 8 were opened . — The velocity 
observations with a 600' divide wall at the fourth and the seventh 
I pier are given below : — 

Model of Kalahagh Headworks . — ^Velocity observations in the 
pocket with discharges 250,000 cusecs. Velocity in pocket in teet per 
second with a 600' leuetb oi tbe divide wall at piers 4 and 7. 




B 

Ba7 3 

1 

Ba7 4. 


' Surfac" 

2-21 

2 21 

2-79 

3-10 

V»er 7 . . 

! SIiddl« 

•1)6 

1-39 

1-70 

1*70 


i. Bed 






r Surface . . 

2 20 

3-10 

4 37 

5-3S 

Pjer4 

I JLddlo 

l-JO 

1-39 

1 2*40 

2-79 


[ Bed 

’96 

•96 

*96 

•96 


The directions of flow for each case are illustrated in Figurea 
82—85. 


In addition to taking the surface currents the conditions of 
the river bed in the pocket were also noted, and photographs were- 
taken after each run. These are shown in Figures 86 and 87. 
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From an examination of the above data the following con- 
clusions . have been reached : — ' 

(а) A divide wall of 300' in length results in minimum silt 

entrj’ into the canal. 

(б) The silt entering the canal when the divide wall is con- 

' structed at the seventh pier is much less than tlial 
with the divide wall at fourth pier. 


■ (c) The velocities in the, pocket with the divide wall at IliB 
fourth pier are much higher than those obtained 
when the divide wall is at the seventh pier. 

(d) A silt wave forms along the guide hank up to a point 
1,000 feet from the weir. After this point the sill 
wave travels towards the bays on the right side of 
the undersluices. When a divide wall is constructed 
at the fourth pier it intercepts the silt wave and 
diverts the silt into the canal. With a short divide 
, wall at the seventh pier there is no interception of 

silt wave and, therefore, less silt enters the cana'. 

Investigation of Model of KaJabagh Headworks to determine lie 
efficiency of the Triminu and Modified Khanki types of sill excluders.— In 
the Trimmu type of silt excluder, lour bays of the undersluices are 
covered and a divide wall 600' in length is constructed at the fourft ' 
pier. .This divide wall is in addition to that 300' long placed at the 
seventh pier. . * 

An attempt was made to fit one of the Haigh type of silt extrac- 
tors ftt R. D. 500 in tlie canivl. A larger model 'representing tlie 
undersluices, left guide bank, a portion of Ibe Aveir and the canal is 
being prepared to carry out further experiments on this extractor. 
With the first run of this extractor it was shown that the ducts bpcame 
choked. As at present designed this extractor does not appear to 
he satisfactory. 

The excluders w’ere examined for various river conditions. 


Condition No. 7.— In this test, the alternative designs were 
cxarnmed wrth a dtsebarge equivalent to 100 000 cusecs in the nver. 
The nver bed in the pocket and along the guide bank was moulded to 
It. 1 j. 087. ihe model was run for four hours in each case, wv 
eft. of saiid were added from the sand feeder placed at E. D. 3,^ 
of the loft guide bank The canal discharge was maintained at 7,000 
cusecs wrth a pond level of B. L. 692. The discharge in the out- 
fall channel was approxunately 90 cusecs. After four hours the ru" 
was concluded and the silt collected in the canal and in the trench 
below the undersluices was measured. For the silt in the canal 
separate measurements were made in the trench in the e.\troclo' 
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and upstream and downstream of it. The results of 'the experiment 
-oie given below: — • . > ' ’ [ 

Condition No. l.^An CMmiualion oj the effmency of the Trimmu 
ond Khanki types of silt excluders toith 100,000 'cusccs discharge in (he 
river, . > . i . . 


1 

Exdttdet typ**. j 

U/Sof 

Extractor. 

Extractor. 

n/s of 

Extractor. , 

Total »U ia 
the'caoaL 

lo tbe rirer 
belov tbe 

1 undenluicea 

1 in eft. 

TnmtDQ 

1 

•COS - 

‘02S 

. ! 

•OS6 

•212 


Modified 


•018 

•075* 

•003 



ineludei th« i]u&Qt4t7 of tilt deposit upatfe«in of the extractor. 


Rom on examination of this table it will be seen that the siit 
entry into the canal is considerabl}- less with the modified Khanki 
of silt excluder. For similar river conditions, with the IChanki 
modified type onlj’ 44 per cent of that passing w’ifh the Trimmu type 
enters the canal. 

Condition No. 2.'— In order to further examine the indications 
obtained in condition No. 1, the e.xperiraents were repeated -aith the 
concentratM discliargc. In order to obtain this discharge, a bund 
3,800 feet long was constructed at the tenth pier of the weir. A dis- 
charge equivalent to 40,000 cusecs was run in the portion of the weir 
enclosed by tlie bund. Both types of excluders were tested. The 
model in each cosa was run* for a period of two hours. Six cubic feet 
of sand was added during each run. The discharge through the out- 
fall channel of the 'extractor was maintained at 400 cusecs. The 
conditions of flow in the pocket were photographed in each case. These 
are shown in Figures 88 and 80. It W'as found that with the Tiimrau 
type of excluder there "was considerable turbulence and surging in the 
pocket. The turbulence originated at the nose of the divide wall 
and the surging action at the mouth of the tunnels. When the 
Khanki type was substituted for the Trimmu type, the conditions of 
flow became smooth. Silt measurements were made as before and 
tbe results are given below. v 

An examination of the efficiency of the Trimmu and Khanki Type of silt 
excluders with concentrated Discfiarge. 



Sn-T i3f Tae caxai. iif cft. 

Silt in the 
pit down 

Type of Excluder. 

1 U/Sofedt 
tank. 

Silt tank. 

D/S of ult 
tank. , 

1 , Total eilt <1 

IS canal. 

stream of 

tindersluice 
^ ia eft. 

Tniainu . , 

... 1 

, ’ '16 

‘ '42 ' 

' '' 1-92 

12*5 " 

Khanki ,, 

•42 

1 

■0S4 j 

*28 

•784*’ 

‘‘ 3-2'^ 














144 


This table shows again that' the 'silt entering the canal mlb 
the modified lihanhi type of silt excluder is much less than that enter- 
ing the canal with the Trimmu type. The efficiency of the excluder 
cannot be calculated accurately from these observations. The total 
quantities entering tbe canal are, however, comparable. It will b» 
seen from the above table that with the KhanUi type only 41 percent 
of the ' silt passing with the Trimmu type enters the canal. Tbo 
indications obtained from the previous test are confirmed by the results 
obtained in this test. 

The conclusion drawn from the investigation is that the Khanti 
type of silt excluder is preferable to the Trimmu type. 

, Tbe Kbanki type of silt excluder also effects a 'considerable 
saving in expenditure since it is unnecessary to construct an additionil 
divide wall of 600' in length with this type. ' 

n. — ^Western Jumna Extension Project. ,, 

' j (■£) An ' INVESTIGATION OF ALTERXATIVE PESIGNB OF RAFIDS TO BS 
. , OONSTHUOTED ON THE W’ESTERN JuSINA CaNAS 

Main Line. ,i . 

, A numbei of rapids were to be constructed in tbe canal. Tbe 
, alternative designs are shown in Figures 90— 92A.,, They ate:— 

(1) Plain rapids. 

(2) Flumed rapid with diverging sides. 

(8) Fall-cum-ropid. 

, (4) Flumed rapids with parallel sides!. 

Models to a horizontal and vertical scales bf l/9th weiecon- 
etructed. Ail the models were placed in a sinnle flume one below 
other so that tests could be made simultaneouslv. ' In order to deter- 
mine the action ou the bed, sand was placed downstream ot eec 
model for a length equivalent to about 270 feet. To record the H® 
action, the hanks of the canal below the pucca work were made ® 
earth. 1 Tbe follo’wing copditious of flo'w 'were exonuned: — 

CandUion iVo. 1. — Full szip-ply in the Canal— 

Discharge 9,000 cusecs. 

Condition No. 2 , — Stage discharges — 

(1) 2,000 cueecB , 

(2) 4,000 cusecs 

(8) 6,000 cuBecs 


a non'''’ ® period of four hours for a discbs'l 

wafe bed scour ™ter surface profile, position of the stand 

Zdeto recnT made. Attempts were s' 

made to record water surface conditioas. 
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Coniitwu yo 1 — VhU supply 'h-ichargc -^'£ho oljaervafions 
<Tfv(n for n discharge of 9,000 cnseis, areidottcd in Pigure 93 It 
■Nnll 1)0 soon from tins figure llinit the (all cmn r')pi(U\pe gi\es the 

1 ) 0(1 Brour, the ne\t be*?! being the plain npid llio flumod fall 
TTith di\orging sido*? produced largo baoK roller at the ends of the wing 
■walls The llunmd fall with parallel Bides ib much better than the 
fall with duorging sides It produces no bacK water The water 
surface profiles are shown in Figure 04 It will bo seen that the trough 
of the standing wa\e in the fall cum rapid tjpo forms much higher 
up the glacis then in the other cases The photograplis illustrating 
the conditions after the runs are gi\cn m Figures 05 to 98 

CoudxUon Xo 2 — Stage discharges ^{2) 2,000 ciisecs discharge — 
The obson aliens obtained for a discharge of 2 000 cusecs are gnen 
rn figure 99 No action was noticed either on the bed or at the sides 
with tins discharge with ell the Ijpes o\ceptmg the fiumed rapid 
wuth duerginq Rules ‘In tins case a mound of silt was formed with 
deep points on eitlier side The flow m tins case was not uniform 

(2) 4,000 ciisfcs disclmr(jc — Tho discharge m the models was 
next raised to 4,000 cusecs From tho inspection of the model it was 
seen (hot the flow was smooth in all the cases excepting the fiumed 
rapid with diaerging sides Ko bod scour and \erv little side action 
■took place in the remaining three tjpes 

(3) 6,000 cusccs discharge results of the observations 
made with tins dischaigo are given in Figure 100 From on exomina 
lion of this figure, it will be seen that bed scour is negligible in the 
plain rapid, in the fall cum rapid tape and in tbo fiumed rapid with 
parallel Bides Deep scour holes however, ore formed in the fiumed 
fall with diverging sides Tlie velocity of flow was not uniform ir 
this case and there v\ns considerable turbulence on the sides and in 
tho centre 

liccommendatwu —As a result of the above studj the fall cum 
rapid tjpe was recommended for adoption 

(it) An JNVFSTIOATION OF l. MODBI» OF THE RaILWAY BRIDOE 

AT R D G5,600 Main Bbancb, IYestern Jumn v Canal 

A model of the bridge to a scale of 1/7 was examined for different 
degrees of bed bowing Ir each test the model was run for a period 
of four hours VMtb a discharge equivalent to 5 155 cusecs 

Tests vnth three feet botwig • — ^Tbe depth of scoui in this series 
of test was about six feet m the centre of the channel just downstream 
of the pucca floor In this case there was no side action The scour 
contours and the current directions are given in Figures 101 and 
102 

Tests icith two feel bowing —Tho tests with two feet bowmg 
showed that the scour downstream divided mto two portions one on 
■each side of the (central line as shown in Figure 103 The maximum 
<lepth of scour in this case was 3 6 feet The scour contours are 
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given in Figure 104 The currenf directions are illustrated in Figure 
105 and show that there is no side action 

Tests tviih one foot bowing — These tests showed that one foot 
bowing separated the two points of scour downstream by a greater 
distance than in the case of two feet bo\ving The depth of scour 
developed in tins case wss also greater than that obtained with two- 
feet bowing The development of the two scour holes farther away 
from the central line than in the case of two feet bowing indicated a 
tendency for side action to develop and for the jet to become unstable 
The sccur contours and the directions of flow are given m Figures 106 
and 107 

Te^ts with flat floor or no bomng — In this case two separate- 
scour holes de^ eloped close to the banks, the maximum scour being 
5 9' as shown in Figure 108 It will be seen that as the bowing is 
decreased the central scour graduallv dnides into two scour holes 
which tend to appro ich the sides Action on the hanks took place 
m this case as is showoi in Figure 109 

Fiom these tests it was concluded that the most satisfactory 
results would be obtained with a bowing cf 2 feet 

HI* River Training and Diversion Experiments. 

Ei\er conditions on the Sutlej at various headworks were- 
examined 


(i) Hiver Stitlej above PaJlah Headuorks — An account of the 
experiments carried out on this model last year was gnen m the 
Annual Report for the year ending April, 1940 The following ad 
ditional experiments ha\e now been carried out 

, 7 7 Wn (leternnnahon of the effect of shortening the length of 

Vic Old T spur on the beta conditions along the right guide bank — The 
model -nas moulded to tlie rner survey o£ November, 1939, and tlia 
old 1 spur was moved buck so thut its nose was situated on the line 
Joimns; (ho now T Iieud spur and the right guide bank Disclnrges 
corresponding to those experienced in June to September, 1939, were 
hrst run Sineo in 1939 the liigliest discharge was about 87,000 cuBecs 
the lollowing further discliurges weie also run — 

Discharge 

fn) 100 000 ciibcrs lOdavs 

(1) 120,000 rusecs y 

\fter the compleuon of the runs the bed was suneved 
following iiidii It, oils were obtained from this test — 

{>■) In the new position of th, spur, the flow was not con 
entratod at the noso of the spur and there was no 
b, MU, '’‘'■'I' IS in tlio case 

1 ,u.‘ i" ‘'"binal position The eonddions are 
mown III I igiire 110 



(ii) A portion of the subsidiary bela was removed while the 
main bola was not greatly affected. This is shown in 
Figure 110-A. * 

^ (in) The deep channel continued to exist along the left guide 
i bank. ^ _ , • , ‘ 

It was concluded that'iio useful purpose would be served by 
shortenmgj^be length of the ol^* T/ head spur, i ' 

• • j(2) The deiermviation of flie (^ecl,oj shortening M length of the 
old ‘ T ’ head spur on the reformation of the beta land the directions 
of fioiv above the ueir if the present bela uere lowered to B. (,L. 445. — The 
model was ^hgain moulded to November, 1939, but the bela along 
the Tight guide Lank wa*< l^pt 'at a level of ll. L. ^45. Tne dis- 
cnarge« run on this monel weie the same as used in the previous case. 
The oh'^ervations for the directions of flow between the neu ‘ T ’ spur 
land the weir were taken. A sutvev of the bed was also made after 
the completion of the run. The following indications were obtained 
from this test, v ‘ 

. (i) The main flow did not take place at the nose of the old 

' J- * T ’ spur. 

(ti) There was a kick from the nose of the old ‘ T ’ spur to- 
.. I wards the left. This is shown in Figure 111. 

, ’ (Hi) There was a tendency for the nver bed along the right 

' ' guide bank to silt up and re-form the bela as shown 

m Figures 111-A and B. 

It was concluded from this test that shortening the length of 
the old ‘ T ’ spur even if the bela is loTvered will not improve the condi- 
tions of flow. 

An explanation suggested for the inefficiency of the old ‘ T ’ 
head spur when it is shortened is that (he flow takes place between the 
itlurphy spur and the 'T' head spur m its new position making an 
embayment upstream of the ‘T’ head spur. Due to tins embaymeut 
the flow at the head of the spur is deflected towards the left. How- 
ever, when the ojd ‘ T ’ head spur is m its onginnl position the ratio 
of the distance between the Murphy spur and the old ‘ T ' head spur 
and the length of projection of the ‘ T ' head spur is such that no 
embayment can form. The mam flow takes place straight from the 
new ‘ T ’ head to the old ‘ T ’ head spur and then to the weir. 

(3) In order to study further the previous results another experi- 
ment w'os earned out in which the old * T * head spur was constructed 
ns it existed and the nver bed was moulded to November, 1939. Tbe 
bela along the right guide bank was scraped to E. L. 450 and the 
discharges expenonced in 1939 were run. In addition, the follow- 
ing discharges were also run; — 

(i) 100,000 cusecs. 
r (ii) 120,000 cusecB. 
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(Hi) 100,000 cusecs. 

(iv) 200,000 cusecs. 

Photogiaphs illustrating the directions of flow were taken at 
important stages and of the bed conditions after tlie run and are skom 
in Figures 112, 112-A, 112-B .and 112-C. The river bed was also sur- 
veyed after each run. The survey is shown in Figure 118. 

An examination of these photographs shows that : — 

(i) The main flow became concentrated at the old ‘ T ' bead 
spur. 

(li) No embayment formed between the Murphy spur and 
the old ‘ T ’ head spur. 

(Hi) Downstream of tho old ‘ T ’ head spur the major flow 
took place on the right side towards the weir will 
discharges above 100,000 cusecs. Below a dischargo 
of 100,000 cusecs the current along the right guld® 
bank was, however, not very- strong. 

(i«) The bed surveys showed that the bela along the right 
^ide bank had scoured. The average bed kvel 
in the area of the bela was E. L. 44S. 


It was concluded from these tests that if the bela along tt® 
right guide bank was scraped to E. L. 450 flow with discharges 
higher than 100,000 cusecs took place along the right bank and scouted 
the bela. The left channel, however, silted up. 

(4) Testing the cjjcct of a submerged halli spur at the npstreun 
■left guide bank and a leading cut in the subsidiary bela on the remoce^V 
■the ‘beta— A submerged halli spur, the details of which are given in 
Figure 114 was constructed at the right guide bank, 2,500' upstream 
of the weir. A leading out was made 200 feet upstream of the nose 
of the spur in the subsidiary bela. The position of the cut is also 
shown m Figure 114- A. Experiments were carried out to determine 
the effect of the construction of the spur on the belas between the 
guide banks. The model avas moulded to the survey of November 
1J39, and was ran for the following discharges which normally re- 
present the month of May. 


(1) 1,864 Cusecs 

(2) 1,403 „ 

(8) 2,840 „ 


R. L. 448-63 
R. R, 448-12 
R. L. 450-67 


At important points tho water levels uustream of the SP“' 
wore observed and are given in Table 42. irwaHho^ that avit^ 



these discharges there was no appreciable heading .up -at tlie position 
of the submerged spur. iHowover, no development of the .leading 
cut took place. This is shown in FiguraillS. ^.Tho'inodel was next 
nin for a period of one j’car. The dischaiges experienced in 1939 
including that of 80,000 cusccs were used to represent 1940 a year 
of low discharges. Detailed observations regarding the current direc- 
tions, and bed surveys were made for discharges of 27,000 and 80,000 
cusecs. These are shown in Figures IIG and llO-A. The alterations 
produced in the bed are also shown in .the above figures. With a 
discharge of 27,000 cusecs, water started flowing into the cut. The 
following conclusions were drawn after ninhing the model for dis- 
charges up to 60,000 cusecs : — 

(1) The action of the submerged spur was local. Upstream 

of the spur the river bed in the left channel silted up 
. as is sho^^^l by the soundings given in_Figure 117^ 

Do\\Tistream of the spur the bed scoured as is shown, 
in Figure 117. 

(2) The cut did not develop. 

(8) Downstream of the submerged spur a small portion of 
the subsidiary bela, wmchwasmadeerodable onthe 
model, was washed away. At certain points the 
top 1' to 1*5' was also washed away. 

(4) The action at the old * T ’ head spur was considrable. 

The whole of the river concentrated at this point. 
Deep scour holes occurred at the nose of this spur. 
The channel along the left bank opposite the spur 
which was deep before the construction of the new 
• spur, silted up. 

(5) For a short distance downstream of the old ‘ T ’ head 

spur the main flow was on the right bank. Between 
the guide banks the main river was deflected towards 
the left and Wt the left guide bank at B. D. 1,500 
instead of E. D. 3,000 feet. There was an indi- 
cation of the shifting of the current from the left 
towards the centre as is shown by a comparison of 
the current directions given in Figures 118 and 118 A. 

(G) Between the Jilurphy spur and the old ‘ T ’ head spui, 
the left channel in which the main river flowed before 
the construction of the ‘ T ’ head spur, silted up. 
The river became practically straight in this reach. 

An important conclusion reached as a result of this experi- 
ment is that, even with low discha^es such as those experienced in 
1939, the conditions at the end of 1940 'will show a deflnite improve- 
ment over the 1938 or 1939 conditions. ' 
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' (2) If tho bola along tho right guide bank was lowered to 
R. L. 450 tho river condition between tho guide 
banks improved considerably. The bela was further 
scoured out with river discharges above 100,000 
cusccs. 

(3) The lending cuts through the central bela became 
silted. 

(tt) Invcstigatioji oj a model oj Panjnad Headworks a«d Oic River 
Panjnad downstream of the tccir. — A model of tho Panjnad Headworks 
iind the river below tho weir was constructed in the experimental 
iray of the hydraulic Inboratorj*. Upstream of the weir, the river 
below the confluence of the Sutlej and Ghennb was also included. The 
ioHowing scales were adopted ; — 

Horizontal . , 1 : 550 

Vertical .. . . 1 : GO 

Experiment Xo. 1 . — Tho river was moulded to a survey taken 
in November, 1940, and four spurs were constructed at the positions 
fhown in Piguro 120. Tho model was run for a period equivalent 
to one year. The maximum discharge run . during this period' was 
182,000 cusccs. The current directions obtained in the case of the 
jnaximum discharge are shown in Piguro 127«A. It will be seen that 
smooth flow took place along tho noses of the spurs and the light 
hank. Downstream of tho second pair of spurs both the banks were 
Attacked. The conditions of the bed after the completion of the run 
Are shown in Figure 127-13. 

As a result of this experiment it was shown that the spurs re- 
•commended for the river conditions in 1939 were not suitable for the 
■changed conditions of the river in 1940, 

Experiment No. 2 . — ^In this experiment the first pair of the 
spurs was constructed at B. D. 3,500' below the weir. The spurs 
projected into tho river so that the water-way at this point was main- 
tained at 4,500'. The second pair of spurs was construetd at B.D.7,500' 
below the weir. The object of this arrangement was to protect the 
hanks as well as to train the river into a single channel. The mode! 
-was moulded to the surv'ey of November, 1940 and discharges similar 
■to those run previously were used. The current directions with jthe 
jnaximum discharge of 182,000 cusecs are given in Figure 128-A. The 
ilow along the noses of the spurs projecting from the right bank was 
smooth and the velocity of flow between the spurs was small. At 
the noses of the spurs constructed on the left side there was also smooth 
Action. There was some attack, however, on the shank of the spur 
^o. 2 in the initial stages of the Tun. This was due to the high level 
of the bed on the left side. As the action at the spur points developed, 
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It -was now decided to run the model for a high river year in 
order to determine the alterations in the course of the river with 
Hoods. The following discharges were run : — 

Time. 

100.000 Cu gees .. .. .. 7 Days. 

1*20,000 „ .. .. .. 4 „ 

150.000 „ .. .. .. „ 

200.000 „ .. .. .. 121iours 

The conditions of flow are illustrated in 'Figure 119. Th> 
hed su^^eys are plotted for each discharge and are sho\vii in Figure 
120. It will be scon from an examination of the above figures tint 
with high discharges the flow from the old * T ’ head spur tooV a 
cun'cd course and hit the nose of the right guide bonk and then llowoJ 
along the edge of the old bela towards the nght side of the weir. Th'' 
main clianncl formed on the right. 

It was shown by this study that with discharges abo\o 80,000 
cu=ccs in the ri\cr the main current would move away from the a’n 
guide bank and a portion of the subsidiary bela might erode A' 
the old * T ’ heui spur tlio action would increase considerably and a 
deep channel would fonu along the right bank of the river foralongt'j 
of about COO feet downstream of the spur and a second deep clniiat' 
at the no*.o of the right guide bank and for some distance dowiistreiw 
of it. This is «howii m Figure 121. Upstream of tho siibnicr^ 'j 

tlir* lift cbnmiol would continue to silt up; downstream ot 
til*'' ®pur, howo\cr, the channel would scour. 

(O 7 / 1 '’ (•JJtct of Iradimj cut Xo. 1 through the subsidiary beh^ 
hiding (ut ‘•hown in Figure 122 was made tlirough tho siib'i'li^ 
b(U. Tho model was lirst run with low discharges aiicT then wdn a 
di < Inrg- of J'OjOOO cusi ch for a period eipiu alont to fl' 0 days. Ta ^ 
1 . 1 .. no tMiihn'v for the cut to de\oloj>. It silted up nS 
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' • (2) If the bela along the right guide 'bank was lowered to 
B. L. 450 the river condition ' between the guide 
banks improved considerably. The bela was further 
scoured out with river discharges above 100,000 
cusecs. 

(3) The leading cuts through the central bela became 
silted. 

(ii) Investigation oj a model of Panjnad Headwords and the River 
Paiijnad domstream oj the weir. — A model of the Panjnad Headworks 
nnd the river below the weir was constructed in the experimental 
iray of the hydraulic laboratory. Upstream of the weir, the river 
below the confluence of the Sutlej and Chenab was also included. The 
following scales were adopted : — 

Horizontal . . 1 : 550 

Vertical .. .. 1 : CO 

, ' Experi7}\e7it i^o. 1 . — The river was moulded to a survey taken 
on November, 1940, and four spurs were constructed at th& positions 
ihown in Figure- 126^ The model was run for a period equivalent 
■to one year. The maximum discharge run . during this period was 
d82,000 cusecs. The current directions obtained in tlie case of the 
maximum discharge are shown in Figure 127*A. It will bo seen that 
.smooth flow took place along the noses of the spurs and the light 
bank. Downstream of the second pair of spurs both the banks were 
attacked. The conditions of the bed after the completion of the run 
•are showm in Figure 127*B. 

As a result of this experiment it w-as shown that the spurs re- 
eonunended for the river conditions in 1939 were not suitable for the 
■changed conditions of the river in 1940. 

Experi 7 nent No. 2 . — In this experiment the first pair of the 
spurs was constructed at B. D. 3,500' below the weir. The spurs 
projected into the river so that the water-w-ay at this point was main- 
tained at 4, SCO'. The second pair of spurn was constructd at B.D. 7, 500' 
below the weir. The object of this arrangement was to protect tlie 
banks as well as to train the river into a single channel. The model 
was moulded to the survey of November, 1940 and discharges similar 
to those run previous!}’ were used. The current directions with the 
maximum discharge of 182,000 cusecs are given in Figure 128-A. The 
flow along the noses of the spurs projecting from the right bank w'as 
smooth and the velocity of flow between the spurs was small. At 
the noses of the spurs constructed on the left side there was also smooth 
action. There was some attack, however, on the shank of the spur 
B’o. 2 in the initial stages of tne Tun. This was due to the high level 
of the bed on the left side. As the action at the spur points developed, 
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this attack diininisliecl. The heading up of the water below the wicr 
in -the presence of the. spurs is given beloW": — ' 


( . i 

Discharge 

D;S gauge 
malntaineJ 
at 12,000' 
below the 

1 «eir. 

Left 
guide 
Dank 
ft. L. , 

1 Right 
gmde 
bank 
R.L. 

* Mean 
lerel * 

1 R. l; 

Mean 

level 

without 

spurs, 

K.'£. ' 

Headifig 

up. 

Ciisec*. 

' CO, 800 

n. L. 
329*0 

,' 332*8 

33J‘7 

332*75 

331*2' . 

1*M 

92,800 

331*5 

331*0 

334*3 

334*16 

333*4 

*75 

128,200 

33 ’*0 

336*4 

335*3 

335*35 

334*45 

•90 

IC7,100 

333*9 

330*0 

330*4 

330*20 

335*45 

•75 

182,300 

.34*3 

337*0 

330*9 

330*05 

.1 330*2 

*75 

215,-172 

331*-1 

337*7 

337*6 1 

337*60 

330-3 

1*30 


It will bo seen from the above table that the maximam head- 
ing up is 1'55'. 

Experiment No. 3 . — In this experiment two spurs projecting 
from each side were constructed at 7,600' below the weir. The water- 
•way between the spurs was maintained at- 4,760'. The model was 
moulded to the sun-ey of November, 1940 and one complete season 
was run. The downstream gauge situated at 12,000' ^vns mnintoined 
at the levels recorded for the various discharges below the weir. This 
gauge was determined from the water surface slope between doa;n- 
Rtream of the weir and the discharge site, at 6J imdes from the weir. 
Heading up caused by the spur and the drop "of water level against 
the shank of each spur is given in Table 43. The directions of flow 
were ob.soiTcd with discharges of 00,800, 182,000 and 300,000 cusecj 
and are given in Figures 129, ISO and ISI. With a discharge of 300,000 
cu.sccs. tho boln was submerged and there was a tendency for the river 
to straighten out. The jihotograph of the bed after running a com- 
plete season is shown in Figure 132. 

Experiment No. 4 . — In this e.vpcriment the bed was moulded 
to the Funcy of November, 1910 and the spurs were constructed as 
in the Inst experiment. In addition a cut was made ns showm 
Figuie 133. The cut was 100’ X 15'. To start with, a discharge ot 
' CO, 000 ctiscc.s was nm for 3 Iioum to represent low discharges. Cur- 
rent dircc^tions for the discharge of 30,000 ciisecs aro given in Figum 
131. The conditions are more or Ic.ss similar to those obtained in 
previous experiments. The cut did not develop. Tlie heading up 
and drop of water level along the shank ot each spur are given m 
Talde -11. Tiic iiiaxinmm depth of .scour at the noses of the .simr after 
the completion of the run are given below 

Left sjuir iio-e .. n. j,. of (,,o deepest pom' 

, 312-7. 

Light spur nose .. K. l. of tI,o deepest l>oit>‘- 
313-0. 
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Tho current directions \rith discharges of 182,000 and 800,000 
cusecs arc shown in figures 135 and 186. Again with these discharges- 
tho cut did not develop. The bod conditions are-’ shown in Ficuro 
137. ' ^ , ■ .. 

It was decided that tho construction of tho spur at site'should 
bo postponed to next year. Tho model will now be examined for tho 
position of spurs with; reference to tho river bed conditions at the 
end of the year 1941. ^ , ‘ 

{Hi) Investigation oj a model oj the Hivcr Sntlej‘13 miles ahove^ 
Suleimanhi Hcadivorks to determine the methods oJ river diversion. — The 
Eiver Sutlej upstream of Suleimanki Headworks divides into three 
parts : — 

(1) Tho right creek j 

(2) Tho central channel ; and 

(S) Tho left or the Hasta creek. 

There was a possibility that the river might breach through, 
its left bank and out-flanked the weir. It T\as decided to close the 
Hasta creek and divert the river into the central channel. In order 
to achieve this, it had been decided to construct an armoured spur 
near E. D. 55,000 of the left marginal bund. The spur was to 
have been carried on to the bela between the Hasta creek and tho 
central channel. 

As a result of the examination of the plans it was suggested 
that instead of constructing an armoured spur an earthen bund with 
pUchi protection on the upstream side close to E. T>. 52,000 of 
the left marginal bund might suflSce. In addition, pilebi spurs bet- 
ween K. B. 59,000 and 03,000 should also be made to assist the 
diversion. The bund was to be carried right across the bela between 
the central channel and the Hasta Creek. The curvature of the 
river in this reach was such that no attack would be expected at the 
nose of the bund. This proposal is shown in Figure 138. The Chief 
Engineer agreed to these proposals being examined and experiments 
were carried out on a model of the River Sutlej for length of 18 miles 
upstream of tho Suleimanki weir. The scales adopted for the model 
were : — 

Horizontal .. .. .. •• 1/150 

Vertical . . . . ♦ • • • ^ 1/25 

As the result were required urgently, it was decided to carry out 
the tests without first proving the model. The model was run for 
the following discharges : — 


Cusea. 


Cusecs. 


Cusecs. 

1. 

1,399 

8. 

3,028 

15. 

20,000 

2. 

1,639 

9. 

3,053 

1C. 

25,000 

8. 

1,838 

10. 

4,018 

17. 

50,000 

4. 

2,045 

11. 

4,619 

18. 

80,000 

6 . 

2,117 

12. 

6,038 

19. 

100,000 

6. 

2.844 

13. 

6,226 

20. 

150,000 

7. 

2,672 

14. 

10,769 

21. 

200,000 
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<3RUges -were observed at points shown on the plan in Figure 
188. Photographs illustrating the conditions of flow as obtained on 
•the", model are given in Figures 139—147. It' was iioticed that no 
attack occurred on any portion ol the bund with discharges up to 
150,000 cusecs. On the results obtained the proposals for the ton- 
atruction of the bund were accepted. ' 

IV. — ^Experiments on the Methods of silt 'and Shingle Ex- 
, elusion and Extraction at Madhopur. 

These' experiments were carried out on a . model of Madhopur 
IHeadworks, the Eiver Eavi upstream of the Headworks, the Main Line, 
"Upper Bari Doab Canal, up to the old head and the Salampur Feeder 
■up to the Salampur Silt Ejector. The length of the river upstream 
of the undersluices represented on the model, was ‘ approximatcy 
7,000' while downstream of the undersluices it was for a distance 
of 500 feet. ‘ 

The horizontal scale adopted was 1/24. Tho necessary exag- 
geration rerprired for the vertical scale was determined from a senes 
■of tests in which in place of the urdersluices, a simple wall was bujB 
nnd the movement of different bed materials was examined will 
different distortions. It was found that when the vertical Beale ws 
exaggerated three times the general movement of all particles hclov 
1 J" diameter took place. As this is the grade of shingle which is 
conveniently availabe at llalikpur a vertical scale of \ wasadopteo 
for the model. Figures 148 and 149 show the completed model con- 
structed to the above scales , • , 

The river bed was moulded to the survey of 'November, 193'' 
and was run for discharges expenenced in years 1938 and 1939. a® 
the survey for 1938 was not available, the model bad to be run to: n 
period equivalent to two years. At the end of this period a Burvey 
■of the pocket and the iiver upstream was made and compared witli 
that obtained on the prototype m 1989. On the whole the agreement 
between the model and the prototype was good excepting that cct- 
tain hela formations m front of the regulator on the prototype 
not reproduced on the model. The gauges in the Mam Luie cf 
■canal and the Salampur Feeder agreed closely u-ith tho corrcBpon“' 
inq gauges on the prototype. After proving the model, examinaucn 
■ot different methods of silt exclusion were made. The investigau'J” 
was duided into two parts. In the first part attempts were madem 
exclude silt and shingle from the canal by constructing certain '•‘''"'t 
in the river and by adopting certain methods of river regulation- t" 
-the second part no attempt was made at exclusion and metheds ci 
ejecting silt and shingle from the canal xvero examined. 

Tlie following tests xvere carried out 
Pakt I, 

(a) An examination of tho effect on tho sill 

entering the canal of a submerged divide wall fm® 
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x:nder?!Qifo pu'r Xc, 2 suU h.\\{ th?. Jwvs^Jt 

of the* K^lAtor. 

(b) The exanimation otthe efftvt en the wU 

entering the canal of a snhmergfvi tUviilo will exteiuU 
inc from the umlerslttico pier Xo. 2 atul vsn'oring the 
foil length of the regulator. 

(c) An examination of the effeot of a cantilever platform in 

front of the Head Regulator. 

(o) An evamination of the etTivt of a dItYeo'nt method«5 of 
river regulation on the gill entering the e.ur\j. 

Paut II. 

Examination of the efToet of the eojistinetion of tsilt vane? 
at the 01(1 Head on (he ejoetion of silt fri>nt (he Main 
Line. 

Paut I. 

(n) Am ornuiiMnfion oj the e^ect vj o .'fuliMJrn/er/ du'ide umU 
Jrom undershnee pier No. 2 ejlendinff hdf the hui)th of the 
divide avail with the toj) P. L. nt won eonRlrnetiHUn fiHUtt 

of pier 2?o. 2 covering tlio first six bays of tlie n'gidutov. A disehargo 
■equivalent (o 10,000 cusecs waa mn on (he model and t)»e catud wan 
maintnired nt full supply. The mode) was run for a petind of »j\ 
hours. It was noticed tlmt in (ho mitial KlageH of t]ie run (lie idlt 
entering the right divide was conBi(U*ral)l^v Joss (lian Dmt oiUoring 
the canal in (ho absence of (ho divido wall. In (lio left divide, liuw- 
ever, the quantity of silt cntciing Iho canal wan not materially aU 
tered.' ' ‘ 

When the run was conlimied, silt and sliingla lolling along tho 
bed deposited et tho divide wall and ultimately (lin wall horiime limlnd. 
At this stage the slmiglo and silt onleied tlu' light divide frecl^v. 'I'lia 
construction of tho divide wall, fJierofi/re, did nul eUt'el any iillhnatn 
improvement. 

(b) Examinalion oJ the effect vfn Huhiturijid ihehh unV front iinih'i’' 
■sluice pier A^o. 2 coveriwj the full leiinth of the r/ 7 //dnter.=' Tim divide 
yall constructed in tho jirovioiis tost wiis oAlended upnlieam (in ihal 
it covered all tho bays of tlio regulator. Tim diiudjargefi utiud and (Im 
conditions of flow, were iiiaiiitaiiiud Iho aamo ml in tlm jimviuiiN (mh(, 
At the beginning of tho lest, very litOo silt (’nlmyd iho (Hiilid l»u( a0 
fhe run progressed the divide wall bocaiim hinii'd in (ihlnglOi af( tilltiWJ) 
in Figures 150-A and B and tho quimi ity of (diinglo and fillt onlpjlng 
the canal then was considerably greater limn llml hi Dm ahsenea 
•of the divide wall. ‘ , 

It was, tliereforo, concluded from Ihof^o tcfilfi (hfti ft divide 
■wall whether covering half or the full leiig/Ji of /lift regid/dnr did not 
^eJade silt and shing/e froiii iho ctiuat, Tlw on 

lines were discontinued. r 
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(c) Ari. examination of ihe'e^ffect of ''a cantilever 'platform in front 
of the regulator. — A cantilever platform ‘'projecting 16 feet into the 
river and'covenng the entire length. of the regulator was'fixed at the 
level of the crest of the regulator. The silt and shingle entry into the 
canal -was examined m the presence of , the cantilever.platform under 
river conditions similar to those pertaining whenlthe platform ms 
absent. I It was found that m the early stages of the run very little 
shmgle’ and silt vent into the canal '|but as the run progressed, 
shingle started accumulating in front of the platform and passed into 
the canal. The level of the ramp, however, as the same as that of 
the platform. The ramp was most developed in front 'of Bays 6 to 12. 
These tests were discontinued as it became clear that a permanent 
solution would not be obtained by this method. 

(d) An examination of the effect of different methods of river re- 
gulation.— The following different methods of regulation were tested 
on the Madhopur Pocket Model : — . 

I Wedge from the left, i.e.. Bay No. 1 of the underslniccs 
w’as opened by 7 feet followed by Bays Nos. 2 and 
3, etc., for the escapage of surplus' water in the 
nver. 


11 Wedge from the right, i.e.. Bay No. 12 was opened T 
feet followed by Bays Ncs. 11 and 10, etc. 

IVedge from the right combined with dropping of some 
shutters of the supply weir. 

.fo were carried out with discharges equivalent' to 10,000, 

13,000 ; 16,500 ousecs in the river. The gate openings adopted in 
each case are given in Table 45. In addition to the above tests an 
experiment was also made in which no w.ater escaped below the under- 
Bluices and the discharge in the river was just enough to feed the canal 
at the full supply level. 


each test the model upstream of the remzlator was moulded 
to the survey of July 27, 1940. In the pocket°the bed was main- 
tained roughly at R. L. 1131-1132. This represented appro^^i- 
mately the conditions of tho pocket after a sluicin" closure. 
modol was run for two hours in each case and a pond level of B. L- 

imlnA '™' for bed equilihriui" 

^ Cubic feet of sand were added to the 
■water nt tlio upstream end o( tho model in the case of 10,000 cus^^s 

diwlmrgT f‘=^f f®r 1^,500 eusccS 


in silt trcLho, ° 'i"-''' regulator was entrapped 

in F It fronclios constructed downstream of tbo Macis of the regulator. 

15l’ ‘ h7ndd.(io“n'ioT‘‘’ 2-5'xl 'S'x -8' ns shown in FigoW 

lal. Ill a Idilion to tbo HSO of tbo Ironclies for collecting silt, sampl- 
ing was alro portorinod downst.caiii of oac i baT of tbo regulator- 
Samples were taken b> means of a special buS placoS along tl‘e 
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sloping glftcis. The samples taken from each bay were analysed and 
the silt expressed as ounces per cubic foot of water.' iDuring the course' 
of each run, directions of flow in the pocket were'recorded by' 'means 
of. luminous floats, i. At the end cf the run a survey of the pocket' and 
of the river bed a short distance upstream of it, was made. ' • ^ i 

. The lobser^’ations for '.different cases are compared ini Tables 
4G, 47 and 48 and sbovm in Figures 152, 153 and 154. ■ Photographs 
illustrating the conditions of -the pocket are shown jn Figures 155 — 157. 
The conclusions obtained in each case are discussed below: — > < 

■ I. Wedge jrom flie left. — ^WTicn the method of regulation adopted 
■was wedge from the left, the iollowing indications were obtained : — 

(1) The right divide carried a greater quantity of silt than 
the left divide. Bay No. 4 appeared to take'the largest 
quantity of silt. In one case Bay No. 2 has the 
largest share (Table 89 Column 2). 

' (2) The medium silt was slightly greater in the left divide 

than that in the right divide for discharges of 13,000 
and 15,000 cusecs. * 

(8) There was a concentrated silt wave in front of Bays 3 
and 4 of the canal regulator as shown in Figure 
158, 

(4) The ramp levels were usually high. 

II. Wcd^ejrotn the right — When a wedge from the right was 
odopted the indications obtained were: — 

(1) Tne total quantity of silt passing into the canal with 
this method c*! regulation was much Jess tlian that 
obtained with the previous mcthoa. 

' (2) The baj'S of tlie right divide carried a verj* small quantity 

' of coarse silt. The quantity of silt going into the 

left divide was also reduced with this method of re- 
gulation but tlie left divide now carried a greater 
quantity than the right divide. 

(3) The flow in the pocket w\s much more evenly distributed 

than that in the previous case. 

(4) The ramp levels were lower ii. this case. 

(5) No marked shoal formation took place in front of the 

bays of the undersluices towards the left. 

III. Wedge from the right combmed tvith dropping^ of some 
^butters of the Supply Weir. — The opening of the undersluices gates 
inXf wag reduced and shutters were dropped to pass the surplus water. 
The following indications were obtained in this case. 

(1) The quantity of silt carried into the canal was much 

’ less in this case than in methods I or IL 

(2) The ramp levels were also lower than those obtained in 

I or'IL ‘ 
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. An important conclusion obtained from an examination of 
the above data ig that much leas coarse silt entered the canal bays 
•when the system of regulation -was wedge from the right and if soma 
shutters were also dropped, the silt entering the canal was still further 
reduced. ' • • ' i 

The conditions in the pocket with the wedge from the right 
appeared to be similar to those obtained’ when the discharge in the 
river was just enough to feed the i canal, i” In order to 'verify this a 
run was made c with a discharge of 7,500 cusecs in the river, the canal 
running full, supply. Observations for silt entering the canal, current 
directions in the pocket and the conditions of the bed were taken and 
compared with those obtained in II. The comparison , confirmed 
the view that when the system of opening was wedge' from the right 
■svater just pnough to feed the canal reached the head regulator. 

Examination' oj the effect of the construction oj silt vanes at the 
Old Head on the ejection oj silt from the Main Line. — Aiwall dividing 
the canal into two portions exists from the head regulator for a dis- 
tance of 2,200 feet. The tail of the divide wall for, a, length of 70 feet 
was dismantled and a number of silt vanes were .constructed as shown 
in Egure 159. The canal was run at full supply and silt was fed into 
the canal downstream of the head regulator at the rate of four cubic 
feet per hour. Arrangements were made for collecting the silt in 
the canal doOTstream 'of the Old Head and in the Salampur Feeder. 
On the completion of the run it was found that most of the silt in 
Main line was directed by the vanes into the Salampur Feeder. On 
determining the efificienoy of each vane it was found .that, counting 
from the right, the third and the sixth vanes were very effective in 
ejGCting silt froin tii6 Main Xiin© whil© th© rsmaining four vanes ejecte<i 
very little. This is shown in Figure 160. During the course of th& 
run observations were also made on the current directions in the 
Line^ downstream of the divide wall. It was shown that i — 

(i) All surface floats continued in the Main Line below the 
Old Head. 

{ii) Most of tbe bottom floats in vanes Nos. ' 3; 5 and 6 went 
into the Salampur Feeder. ' * 

(in) Some of the bottom floats in the 6th vane jumped over 
the vane and continued down the Main Line. 


T • conditions of floik existing in the Mam 

Line a short distance upstream of the Old Head showed that,. due to 
divide wall the silt concentrates along tbe 
t vialUnd along the left bank of the 'canal in the left divide, 
both being on the inside of the curve. This is shown in Figure ISI; 
In view of this all vanes excepting the third and the sixth -were removed 
and tests were earned out as before. It was shown that most of the 
Blit and the shingle could be ejected by these vaneg. Some silt, b°'^' 
, over, jumped over the central vane which was No., ,3 -in the previous 
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test. In order to trap this silt also a small vane was built between, 
the central vane and the right vane and is shown in Figure 162. An- 
extension of the end vane upstream, further improved the conditions- 
• Further tests were made with the vanes curved upstream. 
The model was run, and, as before, a mixture of shingle and silt was 
added in the JIain Line below the head regulator. It was found that 
the projection of the , vanes produced greater , turbulence and, hence,, 
more silt went into the Main Line. The top B. L. of the vanes was, 
therefore, fixed at, 1125*5. A detailed test was made with larger 
quantities of silt and shingle, i.e., 20 cubic feet per hour, added at the- 
head. It was found that even with this high charge of shingle and 
sOt, very little went into the >Iain Line. This is shown in Table 49. 
An inspection of the model after the completion of the run showed that 
large quantities of rilt and shingle deposited between the vanes and 
very little moved into the Salampur Feeder. 

In order to induce the silt to move into the Salampur Feeder^ 
in the subsequent tests the crest of the Salampur Feeder was lowered 
by 1*5'. The bed of the canal on which the vanes were constructed 
was made pucca and joined to the new crest of the Salampur Feeder 
in order to provide a steeper slope in this reach. It was found that 
with these alterations all the silt and shingle which was diverted b;j* 
the vanes, moved into the Salampur Feeder. The efBciency of the 
vanes, based on particles of 0*2 mm., was found to be GO per cent. 

, Obser\’ations of the velocities of flow against the walls of the- 
vanes were made. The results ore given in Table 50. It is shou*n 
in this table that the velocity of water flowing against the first vane is 
10 feet per second while against the second and the third it is only 
4-5 feet per second. 

As a large quantity of silt and shingle would be diverted into- 
the Salampur Feeder, it was necessary to determine whether the 
silt ejector of the Salampur Feeder could deal with the additional 
quantity. In order to examine this, the model was run as before and 
a mixture of silt and shingle at the rate of 20 cubic feet per hour was 
added to the Main Line. 

Before the close of the run tlie efficiency of the Salampur Feeder 
silt ejector was determined according to tlie metliod used in 
the previous test. The efficiency -worked out to be 77 per cent based 
on particles above 0*2 inm. The silt collected in the tank downstream 
of the ejector w'as also measured. It was concluded from these 
tests that it will not be necessarj' to re-model the e.xisting ejector 
in order to deal witli the additional load due to the cousfraction cf 
the silt vanes in the Main Line. The e.xact positions and the dimcn-‘ 
sions of the silt vanes are shown in Figure 103. 

An examinaiion of mcfh'ods'to increa<ih the ejficUnqf of the Salampur 
Fcfdcr Silt Ejector . — An in'spection of tlie Salampur Fmler during a. 
aluicing closure show’ed that there was a deposit of shingle and silt 
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. An important conclusion obtained from an examination ot 
the above data is that much less coarse silt entered the canal bajs 
•when the system of regulation -was -wedge from the right and il soms 
shutters -were also dropped, the silt entering the canal -was still further 
reduced. 

The conditions in the pocket with the -wedge from the right 
appeared to he similar to those obtained j-when the discharge in the 
river -was just enough to feed thoi canal.,. -In order to-verUy this a 
run was made -with a discharge of 7,500 cusecs in the river, the canal 
running full. supply. Observations for silt entering the canal, current 
directions in the pocket and the conditions of the bed -were taken and 
compared -mth those obtained in II. The comparison , confirmed 
the vie-w that -when the system of opening was -wedge from the right 
water just enough to feed the Canal reached the head regulator. 

Examination of the effect of the construction of silt mnes at ikn 
Old Head on the ejection of silt from the Main Line . — A .wall dividing 
the canal into two portions exists from the head regulator for a dis- 
tance of 2,700 feet. The tail of the divide wall for a, length oE 70 ktt 
•was dismantled and a number of silt vanes were .const meted ns shown 
in Figure 159. The canal was run at full supply and silt was fed into 
the canal downstream of the head regulator at the rate of four cubic 
feet per hour. Arrangements were made for collecting the silt in 
the canal downstream of the Old Head and in the Salampur Feeder. 
On.tho_ completion of the run it was found that most of the slH in 
Mam Ime -was directed by the vanes into the Salampur Feeder. On 
determmiiig the efficiency of each vane it was found .that, counting 
from, the .right, the third and the sixth vanes -were very effective w 
ejecting silt from the kfain Line while the remaining four vanes ejected 
V ery little. This is shown in Figure 160. During the course of tbe 
run observations were also made on the current directions in the Ms® 
Line downstream of the divide wall. It was shown that .— 

(i) AU surface floats continued in the Jfain Line below 

Old Head. 

(ii) Most ot the bottom floats in vanes Nos. ■ S; 5 and 6 went 

into the Salampur Feeder. 

(lit) Some of the bottom floats in the Cth vane jumped over 
the vane and continued down the Main Line. 

A detailed study of the conditions o 
Line a .«liort distance upstream of the Old 
the presence ot liio carved divide wall the 
nght (hvido wall and along tlio left bank ot 
both being on the inside of the curve. Tb 
In view of this nil vanes excepting the third i 
and tests were carried out ns before. It w 
fill and the sbingle could be ejected bv the 
. ever, juinjiod over llie central vane which , 


t floii- existing in the “ 
Head showed that, . 
Blit concentrates 
the canal in tholeft 
[is is showTi in Piguro • 
and the sixth “wero 
as ghown that most oi » 

30 vanes. Some silt, 

;vas No. 3 in the previo 
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te'^t In order to trap tins silt also a small \nne ^\ns built bet\\eoa 
tbo central \ nne and the right \ano and is Bho^^n m Figaro 1G2 An. 
extension of tho end ^ nne upstream, further improved the conditions- 
Further tests were made with tho \ane3 curved upstream. 
The model was run, and, as before, a mixture of shingle and silt was 
added in tho Mam Lino below tho head regulator It was found that 
the projection of the vanes produced greater turbulence and, hence,, 
more silt went into tho Main Lino Tho top It L of the vanes was, 
therefore, fixed at 1125 5 A detailed test was made with larger 
quantities of silt and elunglo, i o , 20 cubic feet per hour, added at the- 
head It was found that oven with this high chaise of shingle and. 
silt, very little went into the "Nram Line This is shown in Table 49 
An inspection of tho model after the completion of the run showed that 
largo quantities of silt and shingle deposited between the vanes and. 
verj little moved into tho Salampur Feeder 

In order to induce the silt to move into the Salampur Feeder^ 
m tho subsequent tests tho crest of tho Sahmpur Feeder was lowered 
by 1 5' Tho bed of tho canal on which the vanes were constructed, 
was made pucca and joined to the now crest of the Sahmpur Feeder 
in order to prov idc a steeper slope in this reach It was found that 
with these alterations all tho silt and shingle which was diverted bj 
the vanes, moved into tlie Salampur Feeder The efficiency of the- 
vanes, based on particlca of 0 2 mm , was found to be GO per cent 

Observations of the velocities of flow against the walls of the- 
vanes were made Tho results are given in Table 50 It is shown, 
in this table that tho velocitj of water flowing against the first vane is 
10 feet per second while against the second and the third it is only 
4 5 feet per second 

As a large quantity of silt and shingle would bo diverted into- 
the Salampur Feeder, it was necessary to determine whether the 
BiU ejector of the Salampur Feeder could deal with the additional 
quantity In order to examme this, the model was run as before and 
a mixture of silt and shingle at tho rate of 20 cubic feet per hour was 
added to the Mam Line 

Before the close of the run the efficiency of the Salampur Feeder 
Bilt ejector was determined according to tlie method used id 
the previous test The efficiencj worked out to be 77 per cent based 
on particles above 0 2 mm The silt collected in the tank downstream 
of the ejector was also measured It was concluded from these 
tests that it will not be necessary to re model the existing ejector 
in order to deal with the additional load due to the construction cf 
the Silt vanes in the Mam Line The exact positions and the dimCn 
Sions of the silt v anes are shown in Figure 1G3 

In exaniinaiion ofmetUods-fo %iicrea^h ihc effictinai of ih^ Salampur 
Feeder Sill Ejector— An inspection of the Salampur Feeder dunng a. 
sluicing closure showed that there was 'a deposit of sbmgle and silt 
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10 leet dowTistream of the loo of the glacis In Bays 5 f o 10 thu row 
consisted of 2 lines of staggered blocks nhile in Baj s 1 to 4 and 26 to 
29 it consisted of S lines of staggered blocks The second row of 
ainggeied blocks at the end of the pncca floor was of no use in reduc 
mg scour donnstieam in tl e piesence of the e\iBtmg baffle wall I 
the construction of the second tow of staggered blocks at the end o 
the pncca floor was desired to add weight to the downstream floor 
this could be constructed as its presence did not increase the to 
scour. The most satislaclori arrangement of staggered blocks to 
reducing tbo action downstreem for the diflferent bays is shown ii 
Figure 174-A, B and C The arringemont for the downstream ror 
of blocks, if it was requited, is also shown in the above figures 

table 37. 


(Plain floor.) 
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TABLE 41.A. 

Model of KalaLagh He&dworkt* 

vELOcrrr obsee.vatioi.s in the cuts 



TABLE 41-B. 
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^ 6 . 

Pocket Model." ’ 

CANAL WITS DHTEREST 5IETH0DS OF REGOLATIOX. 

SiKharge jn Birer, 10,000 casecs. 
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47 . ’ ' 

Model. ' ' 

ENTRY DO'O CANAL. 


WITH SUBIIEROED BELA MADE. 

14 840. 


discharge in river 13,000 

CUSECS 16 840. 


1—0 7 8 9 

10 11 12 


1—9 10 11 12 1—16 


CLOSED 1-5 3 0 4*0 6 0 6 0 7*0 

Bed^t 

In 

trii 5 0 6 0 7*0 

SBDTTEB9 DB07PED. 
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410 

•150 

•092 

•497 

•325 

•036 

*369 

•125 

*087 

•405 

•317 

•016 

•231 

mm 

*063 

•429 

•200 

•046 

■406 

Bi 

*070 

•641 

•375 

•019 

•310 


051 

•480 

*683 

•014 

•341 

•267 

- *449 

2-807 

■ 

■157 


1*034 

•019 

•443 

1 

•on 

445 

- 
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TABLE 

Madhpnr 

SILT ETCHING BAYS OF THE HEAD REGULATOR 
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TABLE 49. 

Model o£ Medhopoo: Poctet, Upper Bari Doab Canal, Main 
line and Salampur Feeder. 

, ’WORKING OF BILT VANES. 


D&ie. 

-II - • 

r. ® 

.2 .a 

A 

3.9 

•"1^ 

CQ 

JO a 

- 

.a ^ u 

5-36' 

lA 

£7 . 

IP 

3 

ta 

“|.§ - " 

o 

111 

I§.s- 

jZ 

-|s.g- 

•S|£ 

*2 S s-g 
o &?,g 

a a o' 

•»mc? S 

tS 

o o 

52 

^ 3 

*3 0 

I--'' 

III 

cc 


SI 

1-00 

•37 

2-85 

7-00 

7-00+3-00 

4-SO 

^3rd AprQ. IMO 

SO 

*V5+'20 





TABLE 50. 

Model of Madhopur Pocket, Upper Bari Do^b Canal, Main Lin© 
and S^ampur Feeder. 

STATEMENT OF VELOCITIES OBSERVED ALONG THE VANES. 


DulABCe slons tlio 
TAoe Iron ta« 
apsUesm eod. 

I-cft vane. 

Cc&tral TBQO. 

Right vntie. 

FmL 

Feet per second. 

Feet per eeceod. 

Feet per 

0 

4-80 



24 

4*98 




43 

6-00 




72 

5*00 




9fJ 

4-53 

5'55 



ISO 

4*25 

5-77 



144 

4*25 

fe-03 



IGS 

4-53 

4-53 


00 

ll'i 

4-81 

3-93 


SIO 

0*00 

C-23 

.> 


210 

C C5 

7-67 



SGI 

4-81 

6-3> 



283 

4-61 

4-81 



312 

4l>7 

3*03 

* 

- 


TABLE 51. 


Tests on vanes above the Salampur Feeder Ejector. 
TWENTY CUBIC FEET OF S.^ND AND SHINGLE ADDED AT THE HEAD 
REGDI..\TOR FOR TWO HOURS. 


lTw« of oLacrration. 

Silt in cubio f'^** 

*“ . .. ■ 

17-00 


1-7 

■ 

' *37 

1 t*t.> fti 

1 *30 

■ 1 a 1 > 

•33 


1 












KALABAGH HEADWORHS 




I'm. 61, 


F 


MODEL OF KALABAGH WEIR 

The subfoundation beinft a 
mixture of sand and shingle 
in the ratio of 1 to 1. 




Fiq. 51 >A. 






Wanssjiw ■30'^J.N73v3d 

S $ ? & 











LOOKING DOWNSTREAM. 
AlTangement of dIversioD cuts* 




MODEL OF KALABAGH HEADWORKS. 




MODEL OF KALABAGH HEADWORKS 





model OF KALABAGH HEADWORKS. 



OOKINQ DPSTBEAM. 
Discliarge 5,000 ci. 




MODEL OF KALABAGH HEADWORKS. 





model of kalabagh heac works. 




MODEt OF KALABAGH HEADWORKS. 


ci 

O 

e 



LOOKING DOWNSTREAM. 
Discharge ; 10,000 cs. 






MODEL OF KALABAGH HEADWORKS. 




MODEL OF KALABAGH HEADWORKS 



LOOKING DOWNSTREAM. 
Discharge : 20,000 cs. 





ri<s es 

/NOUS AT MALAOAGH W£/R 





MODEL OF XALABAGH HEADWORKS. 



Showing position of the cutt« 




MODEL OF KALABAGH HEADWORKS. 



looking downstbeaji. 

Oistbarge : 5,000 cj. 



MODEL OF KALABAGH HEADWORKS 



LOOKING DOWSTKEAM. 
Ditcharje : 7,000 cs. 




MODEL OF KALABAGH HEADWORKS. 



LOOmSG DOWNSTREAM. 
Diicharse : 10,000 ci. 




MODEL OF KALABAGH HEADWORKS. 





MODEL OF KALABACH HEADWORKS. 


I 



looking DO\VSSTnC\M 
Difcbjirsre : 20,000 cs 




MODEL OF KALABAGH HEADWORKS 



LOOKING DOWNSTRrAM 
Diicharse : 25,000 ct 







model of kalabagh headworks 



Showing the diveriion cute ai proposed by Mr. F. F. Heigh. 



■■nr,, 




MODEL OF KALABAGH HEADWORKS 




model of kalabach headworks 










Showing the directions ol Bow above the weii 



MODEL OF KALABAGH HEADWORKS. 

Currcr.t directions in the left pocket. Divide wqll 300 feet 
long ot fourth pier. 

Discharge : 150,000 cs. 





. Pig 64. 

Model of kalabagh headworks. 

Current directions in the left pocket Divide wall 600' 
long at fourth pier. 

Discharge ; 150,000 ciisecs. 







model of kalabagh headvvorks 

Conditions of River Bed with divide wall 300 feet Ions' at seventh pier 





MODEL OF KALABAGH HEADWORKS. 





MODEL OF KALABAGH HEADWORKS 







3SCOffaiMeD rALL ANO PAPtO ON 




FI6 3J 

MOD£LS OF 
yj^.ChUAU. RAPIDS 
B£D SCOUR 

3000 CUSECS 

ACTION AT THE END or PACCA 

PEr£P£fKES 

ttAriD 

rLU*^£0 PAPIO PiVC/KiiNG SJO£& 
rALL or rALLCUt^PAPID 
PAPIO or rALA CUM-PAP/D 
ruMto PAPti pAnALLeL. aiDcs 





a d<S9 
t |S5| 





MODEL OF WESTERN JDMNA CANAL RAPIDS 



PLilNRVPID 

Showing bed scour with a discbarg* equivalent to 8,00) 





MODEL OF WESTERN JUMNA CANAL RAPID. 



PL UN R\PID 

Showing action on the bank with a discharge equivalent to 9,000 cusecs. 




model of western JUMNA CANAL RAPIDS. 



FLUMED RAPID. 

Showing action on the banks with a discharge equivalent to 9,000 cusecs. 







FALL CUilLRAPIDS 

Showing action on the banks wjth a discharge equivalent to 9,000 






FLDAtED RAPID ^VITH PARALLEL SIDER 
Showing bad scour with a discharge equivalent to 9,000 





r/G .99 
MODELS Ofi- 
CANAL PAP/OS 
BED SCOUR 

2000 cusecs 

&OCT/ON at TH£ CNO OF PACCA 

RFFC/rCNCCi 

FLAW RAPID RL. 

FLUMCD RAR/D £>IV€RaiNO StDCS 

MIX or FALU COM RAPID 

RAPID or FALL CUM RAPID 

— — FLUMCO RAPID PARALLCK SIDCS 



FiG,/oO 


MQOGUG or 

w.^. CAMiL RAP/OS 
B£D SCOUR 

sooo cosccs 

SCCT/OH AT TH£ £ND OF PACCA 

, ffCrCRCNCCS 

■ . PLAIN PAP$D 

PtUMCD RAPID DIVCR6JNS S/AC5 

■ - ■ ■ - PALL or rALL-CUNt-RAPlD 

~ RAPID or PALt.CUfA'Rl^D 

FLUMCD RAPID RARALLLL S^OCS 








model of railway crossing on western JUMNA CANAL 




western jomna canal. 



BedicourwilhZ' Wins. 






MODEL OF RAILWAY CROSSING ON WESTERN JUMNA CANAL. 







model of railway crossing on western JUMNA CANAL. '"'• 



Current direction m* 1' bowiny 






Current directions with flat floor 





Current d»reciiop» \si!h^the jpur in the receded Condition of the rjver bed with the spur I’n the 
poiilion* There no concentration of receded position. A portion of the sub- 

u-ivt at the nose of the spur- sidiary bela was washed away. Main 

bela not eilected. 




Fia. 111. 







rys. f/3 

BCD SCRAPED TO RL. ^SO 

taoc ABOVC WEItf 


/SS9 Ai OBTAmtDtN MeO€L 

f/»4« ArreJf A^evfovs 


oi toco HOC 4400 4<00 ttOO 4000 tt^tOoA 


XYCAff O'SCMAReL . 

nOfCee cuites . 

new tiyeis A' me bila ^ 


tSoo ABove wttm 




r/GJf4 


ISLAM H£ADW0RHS 

SUfi\/CY f*LAf^ or ntV£A SUTLEJ 


- SumrtY OM f9‘to-s$ 



Conditions of the river bed after a discharge of 27,000 cusecs 
It will be seen that the cut silts up 









no m 










of flow wilh a discharge of 74,000 cusecs, 
« WjU be seen that the main attack on the left guide bank is 
at about 1,500* above the weir instead of at 3,000' as it 
pccurred last year* 




Current directions with a discharge of 80,000 cusecs, showing that 
there is a definite movement of the current from the le 
towards the centre within the guide banJcs 






Current directions with a discharge of 120>000 cusecs, showing 
that the current from the old* T * head spur took a curved 
course and hit the nose of the right guide bank. 








Flo. 121. 







Fxa. 122. 




Showing the conditions of nvcr after running a discharge of 
80,000 cusecs The leading cut shows no tendency to develop 




Showing the second leading cut through the subsidiary bela 











/»amjhad wem hoocu 






Fio 127.A 



Showing the current directiors with a di<charge of 182,000 cusecs. 
The position of the spur is as suggested in 1938 

Fio 127B 








Showins tKctiurreni direction* %vith a dtschArgo of 182.000 cusecj, waterway between 
Ibe spurs 4,500'- 







Dl«chars«: 182,000 



(Cl nt^ 





Showing thtcondiUoMot river bed aflerniBiuBg a for one reason. 



J^ia. 185. 



Two spuri only, with a leading cut in the Central bela, waterway 
bstween th% spurs 4,7C0'. Current directions with a discharge 
of 182,000 cusecs 

Fio 186 









1 =,, 

,4 ;!^ '^i?1r ?./' 




'-AV z 

sf’-:-,' 


^ «- : .'• 


r>2^ , 


V >■ 

■ 



Showing the conditions of the river b*d aCtcr running season's discharge 






SUtEIMANKl HEADWOKKS. 




SOLEIMANKI HEAD WORKS 



Dischare- : 10.000 i u ecs 






MOOEL OF river SUTLEI ABOVE SULEIMANKI HEADWORKS 



Dittiiarj'* ' 30,?K>^ catecf 





SUTLEJ ABOVE SULEIMANKI HEADWORKS. 





MODEL OF RIVER SUTJLEJ ABOVE SULEIMANKI HEADWORKS. 



Discharge : 80,000 cusecs. 




MODEL OF RIVER SUTI.EJ ABOVE SU1£IMANKI HEADWORKS. 



Discharge : 1,00,000 cusccs. 



MODEL. OF RIVER SUTLEJ ABOVE SUIEIMANKI HEADWORKS. 







MODEL OF M4DHOF JR POCKET AND RIVER RAVI UPSTREAM OF THE PO 







CANAL HCAu VCCt/LA . 













V-A/. 





C>./ZQSOC> 





/Si-AM VfE/f, 






LAM WEIR 





/SLAM WElff 
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Cropping System 1- 
(GoUonfB’allm). Fip;. 17C. 

M(K 

oi;m . ^ 

cciUoaper \ 1938 •• 18*6 

»rrp. 1 1939 . . 13 3 

( 1910 . 0*1 

Tl'‘ )>p13'5 oI rotton » 
dMinct docliiip 

Ifl Ihe photograph ore Eoen tho 
of fhut that lia\e de^‘•“l 
The thur is increasing 
nfh jft>r. 



Cfopptnj System 2. 
(CoHoiifBorgeoni). Fig. 177. 


Colton. Ikrsrcin 


IVr acre 

Ptr ncr* 

Md- 

H- 

17 1 

12 

ir, 


.. 1H7 

\\ 

17 (1 


(iiP Mcld' 

* of rotti 


V />,<. j, innil and do not 

towards declin* 

‘ij U'M in tln-»* fnhl- 

^ '‘C Jnnv of i* 

■* ' r M»Us are •‘lulilH ‘>n 






|’*o'txrrajh th. crop i- 
' F»J and no tjmr hs- 
fnrfici 




184 


number of irrigations given -to ‘each orop type and the approximate 
total depth of water is shown in the following table 


•' ^Tahle.. ' 


r .1 , t i 

1 i .< .’f 

til 1 ^ ; 

li J I J _1. i 1 1. • 

(M I j . 'i 

it' i'\€rop.‘ .r • ' ; 

• ' 1 /• ( 1 'I 'll 

1 Number of teaierings v 

I ( . including 
-.1 Naum. 

V 

• Approximate 
total depth of 
, -water applied. 

•j;.( ' 

0 ' * , 1 1 . ll > 

* J 

Inches. 

id • . 
Co^on, 

, f iM I ^ 0 

( .* • St / !*• 1 J . f 

' 8 

24 

.I* ‘ t i. 

i rjll <ir J 

'/'i/J ‘i* 

6 

15 

Senji " 

1 . { .. X t/ ' 

9 ' 

27 

Berseem 

.. 

16 

48 

Bice 

.. 

37 

1 ' 111 


The soil at Jaranwala is very pervious. The lugh delta under 
rice is due to the fact that, during the growth of noe, efforts were 
made to keep water standing in the field. In reclamation practice 
an allowance of one ouseo of extra water for leaching and the growth 
of rice for an area of 50 acres is made. This works to a delta of six feet 
approximately. 

Before cropping started, a soil profile to a depth oi lOdeet was 
taken from each plot and the distribution of salts and the pH values 
for each foot depth determined. The depth of the water-table was also 
recorded at a number of points. The av erage depth of the water-table 
in the area was 17 feet. ^ ^ 

After three years’ cropjung, the results of the various cropping 
systems have now become apparent, though the detailed analyses have 
not yet been completed. As the i esults are of considerable importance 
both with reference' to reclamation and deteiioration and to project 
development an account of this will be given. As the analyses have 
not been completed, the account will be illustrated by photogiaphs of 
the condition of each plot in January, 1941. 

.(I'l" 1 . 








Cropping System 1. 
(Cotton^Fallow). Fig. 17G. 


Ftn. 



Mds. 

Tleldt of ' 1037 . . 

19-9 

cottonper \ 1938 

. 18-G 

rre. 1 1939 . . 

13-a 

( 1940 ., 

G-1 


TIP vields of cotton «ho^\ a 
dMmcl decline. 

In the photograph are seen the 
fitchfi of thur that ha^ e devel- 
®j'pd Ihe thur is increasing 
♦sclijear. 



Cropping System 2 , 
fCotton/Bmeem). Fig. 177. 


I 

'Ml 


Cotton. 7?cr5ccm 

Vcrncre, Per non 
Mils. lu 

nr. 12 

15 0 ir, 

lh-7 tl 

17 m) 4 s 


*•' ihl!' 

‘T n I Hiul do not Mi 

‘o''ards d.'olm. 
‘J‘ 'll'-'** f»cl 

,in> sh.i„u. 


I 


ITT 




Cropping System 3. 
(fltonSenjO 

Colton Senjt 
Md' 

per acre 

• . 14 2 Good 

, 1.4 5 Tair. 

. . 14 ■; Fair 

,1 a I X*oor. 

r/imH^Iiglilirrig.atinnciop ; 
i‘ f nji It) ^pita ol Uie fact 
t U inf and r.alii crop'? are 
' ciu'An in 

‘ * Lixf started appearing. 
» U'IJs of crops aro decUn 



Cropping System 4. 
d»'lmi\\hwt) rig, 179. 


Wheal, 

M,l« 

I'lrneri’. 



Cropping Sfjsl€m 
(Fallo^'/Senji). Fis.180. 

.S’c?yi. 

1 '< 1 T .. . Good. 

r'W .. Good. 

I'/J .. .. r.ur. 

i'll) .. .. Poor. 

I'-tliL'-'ot tlmr diuM'iljie in tho 
5! iltvrjpli Tlio (ondiUon of 
>ri'ii a« iioUd 111 tho Crop Rogi'ster 
»{'jinJKatea deterioration. 



Cropping iiysicin C 

(f allow yUjfvc tin) Ij". ]yl. 






CTopp\ng System 8 
(Bice/Berscem) Fig 182 
Berscem 


]j I'- 


Per icre. 

lU 

21 

Cl 

01 

67 

land bas improved con 
r Tbe pnee of ber eem 
IS Increasing In a por 
field Colton as intro 
two nee crops The 
Aniencan cotton ^vere in 
bourbood of 17 maunds 
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1 The importance of the conclusions is shown by tlje ’ 
area to which the results apply. 

2. GhaklSS-N. B., Loioer JItelum Canal . — The results obt»; 
at the expenmental farm in Chak 188-N. B. have been discussed 
the previous reports. The importance of this area is that it i”' 
cates the permanency of reclamation when certain standards of 
culture have been adopted. A summary of the work done on 
farm is given below. , * 


The average yields of 

crops from the reclaimed area are 

Sabi 1935-86. 

Haunds. 

■flTieat 

14-0 

Gram 

37-0 ^ 

Berseem 

.. 612 (fodder). 

Turnips 

.. 240 

Senji 

160 

KhariJ 1936. 

Mauncis. 

Cotton 

31-6 

Sugarcane 

. . 76 (Gur). 

Gunra 

100 

Cliari-guara 

340 

Sahi 1036-37. 

Haunds. 

Wheat 

16*5 

Turnips 

160 (fodder). 

Jona 

10-5 

Berseem 

880 (fodder). 

Khan/mj, 

Mound 0 . 

Cotton 

10-2 

Chnn-guara 

. . 320 (green fodder). 

Es. 

Sugarcane «oId at 

. 240 per acre. 

JIoizc 'Sold at 

64 per acre. 

Sabi 1037-88. 

Mounds. 

Wheat 

.. 18*7 (1 ‘82 acres sold for ^ 

fodder at Es. 83 * 
aero). 

Berseem 

. . 882 (green fodder). 

Toria 

10-4 , ,, 

Gram 

6-6 (how Jield duo to 0 

attack of gromWighO* 

Sugarcane 

(Sold At Es. 240 per acre). 




The soils of thfi ^rea have been examined T))e re^nlts of anal^ais sUon 
that both the salt content and the pH lalues are lou throughout the depth o' 
the soil profile This shows that there is no lendenci foi the «alt® to accumulate 
at tho suttace The reclaimed land ha*? bcenguen on lease Although the highest 
offer was a rate of B» 15 per acre xt was considered adMsable to qn e d to the same 
tenant who ^^a8 responsible for its ciiUuation during and «ince the penod of re 
clamation so that th^ same standard of agnculture might be maintained To tins 
tenant, the find has been leased at *) per acre 
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EhariflOSB. 


Cotton 

12-8 JHs. 

Sagarcaoo 

.. 

(Sold at Its. 120 per acre for 

BOOd). j 

Mairo 

KhariJ 1939. 

(Sold as green fodder at Bs. 88 
' . per acre). 

Cotton 

Maonfls. ^ ^ 

„ 8*G 

Torio 

16*8 


Maize 


Sold at Bs. 80 per acre. 

Sugarcane 

56 ■ 

(Gur). • 

'U'bcat 

Oram 

Tori a 

liabi 1939-40. 

Maunds 

25*5 

9*8 

.. 16*8 

34 kanaf sold at Bs. 380 per 
acre for seed. 

) , 

Turnips 

« 480 

(green fodder) sold at Rs. 48 
per acre. 

Oats 

Eharif 1940. 

Sold at Rs. 80 per acre as green 
fodder. 

Cotton 

— 

Average so far 9*8 maunds 
(Picking not yet finish- 
ed). 

Sugarcane 

.. 

Condition very good. 


Figs. 184, 185 and 186 illustrate the type of land before recla- 
mation, the condition of crops obtained during reclamation and the 
condition of cotton during kharif 1938, he., seven years after reclama- 
tion. 
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Bechmation of tliur land on big estates and on small hold- 
ings — Eeclamation of thur land js being carried out by big landlords 
on contract supplies of -water and by small zemindars on supplies 
assessed under a special schedule Fig. 187 is a map of the canal 
irrigated tracts of the Punjab in -winch localities where reclamation 
was in progress during 1940 are marked. 

Sukhela-ctm-Sangla Centre — The experiment on an area of 
500 acres, the description of which was given in the annual report for 
the year ending April, 1940, -sues continued During Eabi 1939-40 
approximately 250 acres were Jiut under crops as shown below . — 


Oroy 



Area soiuu 




Acres. 

Berseem 

.. 


125 




lOS 

Gram 

.. 


19 


The wheat wn« sown in the area winch carried an early crop of nco 
and in which a leguminous crop of San foi green manuring was sown 
after rice 

Gram was grown in the wadh wattai of nee and was matured 
without any irrigation during the Enbi Berseem was given the nor- 
mal number of watcnngs during the winter The ax erago yields of 
crops sown during Eabi 1989 40 are giten below — 


Name of crop j 

1 

1 

j A\erage yield ^ 

1 ijcr acre 

' 1 

m 


MnuntK | 

MnuntI® 

"Wheat 

8 

22 0 

Gram j 

15 0 

27 9 

Berseem 

2G2 0 1 

800 0 


1 of green toddrr | 

1 


Eegardmg bersccni, since the zeimiidirs were required to sow 
tins oftci nco tlioj reduced the area under fodder in their undoteriora- 
ted holdings and sowed whoit instead Anj crop that was lolt o\ci 
and aboie the zemindar's own requu-omonts tor Ins cattle was so 
bj him at an axerngo rate of Es. 8 per Koiinl In cos - 

mg accounts, therefore, berseem baa been lalued at Its o pc 
kunal. 
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The success of grnni on the wftdh*wflt<ar of rice at Sukheki and 
in areas under rcclainntion on the Lower Bari Doab Canal has solved 
iho zemindar's difiicuUy of making ovnilahle rabi 8upj)HeB of water for 
ieguminous crops following rice. In addition, it has been shown fhat 
it is possible to' complete tlio process of reclamation even on kharif 
channels -where mbi sujiplies of water are not 'available. A’ success- 
ful crop of bnrani gram increase.^ the profits on reclamation. 

Judged from the growth of rice and the following crops of 
berseem or gram and also from the aiialj'ses of soils, 81 acres were 
considered fit for normal cropjiing during kharif 1940. The follow- 
inc: crops were sown : — 


Name of crop. 

^ Varielv. 

1 

Area sown. 



Acres. 

r 

Desi molUsoni 

28-0 

Cotton .. ..J 

_ 89 


C 

American L. S. S. 

88*0 

Sugarcane 


6*5 

Fodders 


8-0 


The remaining area was put under rice again. 

Cotton . — Desi cotton was sow'ii in an area of 28 acres. No 
manure was applied. It made excellent growih and gave an average 
yield of 13*0 maunds per acre, the maximum being as high as 24*0 
maunds. Fig. 1S8 shows the size of the plants after picking cotton. 

Tlie American \ariety was sown in an area of 88 acres and has 
given an average yield of 11*6 maunds per acre, the ma.ximum being . 
15*5 maunds. Fig. 189 shows a 'field of American cotton in reclaimed 
land. 

But/arcanc.— The whole of the crop was not harvested as a , 
large portion of it had to be sown for seed., The price obtained was 
Bs. 120 per acre approximately. From the crushings made,- an: 
average yield of 40 to 50 maunds of gur per acre was obtained. The* 
sugarcane in reclaimed fields was sown after, a leguminous crop, 
following rice smd received no farmyard manure. , Fig. 190 shows the.^ 
condition of land before reclamation and Fig.. 191 shows the same land 
after reclamation when sugarcane followed rice and berseem. Fig. 192 
shows the comparison between the condition of the sugarcane crop in 
reclaimed land and that in the adjoining uhdeteriorated .field’ which 
had been previously manured with farmyard manure. 
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During tliarif 1910 tho Sukheki area n-as converted into a 
centre. With Secretarj- to Government, Punjab, Public Works De- 
partment, Irrigation Branch, letter Xo. 981-S./Eov., dated SOtli May, 
1910, the folloiving schedule lor assessment of small holdings which 
nro included in a reclamation centre was sanctioned ; — 


Cbssificalioti. 

Gooil area in the 
bolding rrhich cm 
produce better 
taan a four anna 
crop. 

Ijind rerenue to 
be ebargeel per 
here matured 
under reclama- 
tion. 

Watzb kites. 

OccttieR-h* Bate to bs cjiaboid tes 

ACKEIIATI'RBD t.^DEK BECLAKATIO'C, 

Riec. Kharif fo<lder 

crops. 


Acres. 

Us A. I 

r.s. A. r. 

lls. A. r. 

A 

O-lSi 




H 


0 8 0 

1 10 0 

0 10 0 

C 

18i— fiO 

1 0 0 

3 -I 0 

1 4 0 

1) 

Wi— 75 

1 h 0 

-t 14 (• 

1 14 0 

j: 

75 and abore 

2 0 0 

C 8 0 

2 8 0 


The water rates nro, therefore, graded at J, i, and full schedule 
rates as spociflctl above. 

Not*,— {*) On flail crops grown In areas uotlcr reclamation land rorenao ilall be cbargtU 
a rpccW rate of Us. 2 p:r acre. 

(m) Ttr conccf'lon rates elall onlj apply to tie CdJs in the petite in whlol hnti rrehmiioa 
Tfork by the Peparlincnl Is In progrc*s. 

(ill) In cssis of arcis under recLMuation, full reinission of occupier^’ rates wiU U> glrca If 
the crop is Jess than fight amias si ajcvrtalnpd after actual welghtnent 

|ir) For the Ilali crops grown lo areas umler rerlnmation, fuU rshedule rales will lo charge'^ 
Inl full remWion wiU l*e gitrn If the crop is less than ei^bt annas. 

(r) The rate chargrtl on each Celd W||| fixol in aeconlnnce with the acresce still cspall® 
of firing crojw held Ij the owner nr owner* of a holding in the rame rilhpe irrrspectire of whether 
actual cuUlration l« dune by the owuer himsrlf, a Unacit or a trortp^pte where Un I U in po»r-<*len 
of a BCftragee. 

.Is orders for opening the ociilre ncrc rcccircd late amt the pro- 
vision of the I'Nirn water supply look another month, rice ciilli'iilion 
did not start till the end of July or tlic beginning ol .\\igust. Iicacli- 
ing was 'inFuniciinI and the yields wire, therefore, low. Under the 
nw Echednle, reclamation was hi progiess in Clinks 110, 111. UO' 
117, 116, 119, 129 and tlG-B. B. on D.nhorn, Gilhmnii, niid Jloniii- 
wnla distribiilarii's, nil in Shfikhupur.r dislriel. Purllnr art.is »■ 
Clinks 112. llil, 11 1 and llfi-B. B. in which rtelainiilioii was ■" 
iirocrir- Irie of a'-ns-iiiiiit were brought iindrr rorluiimlioii and "yre 
ivfh^'hI aeiordiiig lo the schediilo nites. The total riTl.niiation 
nre.r under rice during khiirif 1910 was 1,01 1 netes. 
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Costing accounts for kbarif were given in tlio annual report 
for the year 1910. The?e were continued during Rabi, 1939-10. A 
Fummniy of (ho accounts both for khurif 1009 and rabi 1939-10 is 
given in Table 32. Out of (be (otnl profit a sum of Bs. 4,G91 has 
been deducted on account of the land revenue and water-rate which 
would have boon levied according to the now schedulo had the area 
boon includetl for nsseFFment. The average not profit to the zemindar 
after one kharif and one Babi crop comes to Bs. 8G per acre. This 
is cvidcnce<l hy (ho fact that nhnuFt all arrears of land revenue and 
water-rales have heon paid by zemindars, new houses have been built 
and new cattle have been purcliased by those whose lands have been 
■ reclaimed. Sm'oral zemindars have paid back their debts. 

It is evident from the above remarks on the zemindars condi- 
tion in the Sukheki ar\‘a, that fmancially they ore now much better 
off and likely to bo inoro contented. 

During rabi 1910-11 tbe following crops bavo been sown 
y<3mf oj crop. Area soicn. 

Acres. 

Gram on wadb w.-ittor .. .. .. 41 '5 

after an application of farmyard manure.. 151 *0 
Borseem .. .. .. .. 809*0 

The germination and growth of the rabi crops is good. It is expected 
that the yields will be above normal. 

A further cxjicrionco gainctl m the reclamation of the Sukheki 
area indicates that the zemindars are willing to pay land revenue and 
water rates on the deterwrated area according to the schedule sanc- 
tioned by Government. 

A soil sun’cy of tbe areas under reclamation in the Sukheki- 
ct<m-Sangla Centre is in progress. It is anticipated that in approxi- 
mately 500 acres the salt content and alkalmity have been reduced 
to the figure considered 6.vtisfacton' for normal cropping. In the 
reclaimed area cotton, sugarcane and Idiarif fodders will be so^m dur- 
ing kharif, 1941. 

Two new centres of reclamation have been sanctioned. One 
of these centres is situated in the Dangali tract where a large area has 
become thtir and rapid deterioration is in progress. The second centre 
is situated in the Nankana Sahib area where again land is going out of 
cultivation at a very -rapid rate. Tbe two new centres have been 
opened in areas where land has recently gone out of cultivation. From 
the experience of reclamation on contract suppl}' of water in Chak 
23G-G. B., belonging to Baja Sir Daya Kishen Kaul it is expected 
that (he rec)amation^-iII be complete in two kharif seasons. 
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Eeolamation of Land on Contkact Water Suppues. 

Lower Bari Doab Canal. 

Eenala EMe . — The work on the reclamation of land in Eeuala 
>Estate has been described in the reports for the year 1939 and 1940. 
The land in the Renala Estate -was classified as first class when coloni- 
•sation started. Deterioration due to the upward movement lOf salt 
started in the year 1931 but as the damage was insignificant no serious 
notice was taken, A survey was carried out in 1937 by the revenue 
staff of the Irrigation Department and it was discovered that thur 
was increasing in the estate at a rapid rate. The survey was repeated 
under the supervision of the Irrigation Eesearcb Institute in' January, 
1939 and again in March, 1940. From the results of these surveys 
it is now known that out of the total area approximately 1,300 acres 
-has become ihnr and that the annual deterioration varies between 
300 and 400 acres. A summary of the results of reclamation so fur 
•achieved is given below : — 


Name of crop. Area sown. Average yield per acre. Reuauks. 

• • Acres. 


SO'O ( 7'0 maanda 


Low yield is due to reelama- 
tioa having been ta^ea op 


i*0 I 10’4mauads 


Early variety of rico gate 
an average ,, 

maunds per acre. The wt® 
varieties were attacked by 
the rico borer. 

Cotton Bown in the recUlffl* 
ed area was free from the 
attack of llraV, whereas 
that sown in the nnJeteno- 
rated land in the estate was 
attacked by tirak. 


Kftae <1 crop. 


Are* nvttD. 

1 Arerv" fVU ja- af-* 



Actr*. 




1 

rait. t9i7 4X 



! 

f: 0 

0 

Cram 

- 

' M 0 

; IS 0 (aaenla . 

1 

Rra'm . 


I** 0 

1 4 »• !•> f. O #?i#t*-4a ^ t{ 

1 f'a^a 1 .1 W * 

1 

F*bJi .. 


^;•o 

[ 

If'J naw^la 
j l*JW. 





Wit* 

•• 

Sor 0 j 

•• 

O'Xlon 

•• 

tit : 

• ^ aaa'a > 

1 

Ftifar ana •• 


n t 

1 




f *t t»l «> 

\MHit 

.. 

1 

1 '■'■ 

f 



■-> 


iWia-* ni •% 

- 

' -f 1 

1 


K.J 


I U-J 



»»• »••»» in 

»•»?•« *«l! tM *-<^ 

r*' »• ••• r 

Z l ** !• 

(>••¥•< •»,» t-H-{ « 

»»»r» •§ •* 

9 • r— • I* •« 

»*-«**^ •>kV tMUJ • J 

r>atrit *( rf «»< f>« 


r» . r»^f ,/kv« 

M ;»»•> . ^ , 

IW )*l« wm, »«%« 

i.' I * ttg> w-*.* 


* \ • » 


C i' !’r r-r, A 1 • '. J-' 
!im O.h 1.U1 i.'il" r- '■■-■> . 
;.'\ Wi'! ,. I r •. i'. - ■ ' 1‘ ■ ' 
ti ''\, tilt ii*'* '*' ’ ’’ t * 

1!-. f..:-.'> 3'.’ 

i1 1 r Ii.mI ! ! \ < ' '■• •' ’-1. - 1 

ti. lu ■ If'. 1 ,• !i' •' •'' 

lit :w1fu 
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him and rice was sown in an area of 23 acres, 
lowing crops have been sown : — 

After rice the fol- 

' . - ' ^ 

’ Acres. 

Gram 

14' • 

Berseem . . . . . . , , 

4 

"Wheat 

, 0*5 

Chah 25111-L . — (belongmg to E. S. Ch. 

Bahadur Chand). 


In this cbak the 'water-taWe is dee]!, about 40 feet from the 
natural surface. During 1939 K. S. Ch. Bahadur Chand informed the 
Chief Engineer that his lands were deteiiorating on account of thur 
and that a considerable portion of the area had gene ouCcf cultivation. 
The ^matter was investigated and it was found that the statements 
jmade by the Bai Sahib were supported by the records' of the civil 
-patwaii. One cusec of extra water was sanctioned for reclamation 
in this area during Iiharif, 1940. Approximately 42 acres of nee 
were sown which gave an average yield of 16 maunds per acre. After 
‘rice the' following crops have been so^Ti : — 

Acres. 

i Gram .. .. .. 16 

, , Berseem .. .. .. 16 . 

j (, The condition of the rabi crops is satisfactory, 
j Chah ISSjlS-L , — (belonging to S. B. Ujjal Singh, M.L.A.). 

The whole of this chak is of the bara type. The Sardar 
Bahadur bad been attempting reclamation of the area by the addi- 
tion of silt. This had not been successful as indicated by crop yields. 
Cotton in the area is almost always attacked by tirak. The whole 
of the watet-supply allotted for the village has been utilised in the 
portion that ' 'has been improved by the addition of silt. Tbe 
Sardar Bahadur obtained two cusecs of water for reclamation on a 
contract basis with effect from khanf, 1940. Fields which had 
received no dressing of silt were selected for reclamation. A soil 
Survey was made which showed that the area was alkaline and bad. 
reached the'Bakkar stage. The Sardar Bahadur was informed that 
reclamation could not be completed with less than three rice crops. 
The Sardar Bahadur agreed. During khanf, 1940, 101 ‘5 acres of 
rice were sown. Although nee had not been a complete success, 
the Sardar Bahadur’s tenants requested him to give that area 
to them 'on lease' during the rabi season. Instead ’of •'giving land 
to the tenants, the landlord has sown under direct cultivation, gram m 
27 , acres and berseem in 53^ocres. From a report i by the Sardar 
Babodur , berseem is likely to sell at Bs. 60 per acre.i It is pro* 
posed to continue ricetin the. same area .during kharif, 1941. lo 
dition a further snpplj' of 0 cusefs has been sanctioned the area 
proposed for reclamation is l,200.neres approximately. 

( ! B. ' C’. G. A, {lOiajieivaX ). — Complaints had been made that 

in spite of good cultivation at this farm the yields of crops particularly 
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•of cotton hod declined from *an average of IG maunds of" cotton to 
Ijetween 8 to 4 maunds. Patcb^ of thnr had started appearing in 
■cotton fields ’and it was stated that thur was on the increase. At 
■the request of Sir 'VVilliam Roberts a visit was paid to the estate and a 
soil survey was carried out. It was found that salts were present in 
the soil crust in the majority of the profiles and that the salt in the 
soil crust was responsible for the appearance of Viut at the surface, 
^t the request of^ B. 0. G. A. five cusecs of extra water was sanc- 
tioned by the Chief Engineer to start expenments : — 

. -- (a) to prevent the upward movement of the zone of accumu- 
lation of salt ; ^ 

(6) to depress this zone to a depth of more than 6 feet so 
that juelds of cotton and other crops may improve ; 
(c) reclamation of ihur land whore the zone of accumulation 
had reached the surface. 

^ During hharif, 1940rlS3 acres of rice wero sown which give 
an average yield of 13 maunds per acre. After nee gram has been 
50VT1 in 68 acres on wadh-wattar ,* bemcem in -19 acres under rabi 
irrigation and wheat in 15 acre*? after on application of farmyard 
manure. The germination of the rabi crops is good, A soil survey 
is in progress to determine the salt content and the alkalinity In the 
soil profile to enable fields to bo selected for cotton and sugarcane 
for khanf, 1941, During kharif, 1941, reclamation ,v\iU be res- 
tricted to an extra supply of three cusecs onl^*. 

^ Costing accounts are being maintained for all areas on contract 
supplies of water. As the system of cultivation and the terms ^iih 
the tenants differ with different landlords in different locahlie^, the 
costs varj* in each case. This is the first year of roclanulion on con- 
tract supplies in the Lower Ban Doib Caual. Cost^ have not been 
^iveii in this report ns, from the siil survevs it scviu-s lint the are is 
ato only partially reclaimed and that me should be sown agiiu in 
kharif, lOil. This aspect will be (le.\h with in th" rejKirt for the 
year 1942. 

Lotcer Chcnah Canal. 

On the Lower Chciiab Canal extra water for reclaiiution Ind 
been obtained by Pir Biwan Ah ; Raja Nnrindr.i N.ath ; Kija Sir 
Darn Ki'^han ICaul and Gordwora Xanknin Sahib. The rhiW 
belonging to the-e landlords are situated in the rt^gion wli'^re rajnj 
deterioration L taking place. 

.^of Dhran .4h‘.— Thi« chak belongs to PIr Diwan Ah Shvb 
nnd almost (he entire chakh.as become thur so much that the mijority 
of the tenants had left the place and the viUage was mo.-v or 1*'} 
deserted. An extra supplv of 1 ’5 cu«ecs was Mnetioned and rtvlama- 
tion was started in khanf, 1940. A IramM "Xilhge A*‘*i't3nt 
po'^ted to supervise the reclamation oj'erations. A total ar^*a o! 13S*5 
acres was sown under rice. This gave an ave.-age ricll of 14 mitmii 
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i,bim and rice was sown in an area o! 23 acres. After rice the fol- 
, lowing crops liave been sown : — • ■ . 

’ ■ Acres. 

Gram .. .. .. .. 14 • 

Berseem . . . . . . , , 4 

Wheat .. .. .. .0-5 

Chqh (belonging to E. S. Cb. Bahadur Cband). 

In this chak tbe water-table 10 deep, about 40 feet from the- 
natural surface. During 1939 B. S. Cb. Bahadur Chanel informed the 
Chief Engineer that his land’s were detenorating on account of thir 
and that a considerable portion of the area bad gene out'ef cultivation. 
The ^matter was investigated and it was found that tbe statements 
fmade by tbe Eai Sahib were supported by the records of the civil 
-patwari. One cusec of extra water was sanctioned for reclamation 
in this area during kharif, 1940. Approximately 42 acres of' rice 
were sown which gave an average yie|d of 16 maunds per acre. After 
rice the' following crops have been sown : — 

Acres. 

Gram .. .. .. .. r 16 ' . 

, , Berseem , . . . . . . , 16 < 

, The condition of the rabi crops is satisfactory. ' • 

ChaJc J26I15'L , — (belcnging to S. B. Ujjal Singh,' M.L.A.). 
The whole of this ebak is of the bara type. The Sardar 
Bahadur bad been attempting reclamation of the area by the addi- 
tion of 'silt. This had not been successful as indicated by crop yields. 
Cotton in the area is almost always attacked by tirak. The whole 
of 'the watet-supply allotted for the village has been utilised in the 
portion that ‘ has been improved by the addition of silt. Tbe 
Sardar Bahadur obtained two cusecs of water for reclamation on a 
contract basis with effect from kharif, 1940. Fields which bad 
received no dressing of silt were selected for reclamation. A soU 
Survey' was made which showed that the area was alkaline and had 
reached the'Bakkar stage. The Sardar Bahadur was informed that 
reclamation could not be completed with less than three rice crops. 
The f5ardar 3abadur agreed. During khanf, 1940, 101*5 acres of 
rice were sown. Although rice nad not been a complete success, 
the Sardar Bahadur’s tenants requested him to give that area 
to them ‘on lease during the rabi’ season. ’ Instead^ of ^giving land 
to tbe tenants the landlord has sown under direct cultivation, gram in 
27 acres, -and berseem in ^Srocres. From ,a‘ report i by the Sardar 
Bahadur (berseem., is hbelyjfo sell at Bs. 50 per acre.. It is pro- 

posed to i-— 'ng, kbarit, ^ 

dition a . . sanctioned 'as tbo area 

proposed ...... ximatoly.' 1 ' 

( i B. ' C'. G. A. (Khaneicat ),- — Complaints had been made that 
iu spite of good cultivation at this farm tbe yields of crops particular y 
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■of cotton had declined from an average of 16 maunds of' cotton to' 
Tjetveen S'to 4 maunds. Patches of t/iwr'had started appearing in' 
<otton fields 'and it yas stated that th\ir was oh the increase. At 
the request of Sir William Eoberts a visit was paid to the estate and a' 
soil survey was carried out. It was found that salts were present in ’ 
the soil crust in the majority of the profiles and that the, salt in the 
soil crust was responsible for the appearance of- ihur at the surface. ' 
At the request of_ B. 0. G. A- five cusecs of extra water was sanc- 
tioned by the Chief Engineer to start experiments : — 

- t-' (a) to prevent the upward movement of me zone of accumu- 
lation of salt ; / 

(6) to depress this zone to a depth of more than 6 feet so 
that yields of cotton and other crops may improve ; 
(c) reclamation of ihur land where the zone of accumulation 
had reached the surface. 

• During kharif, 1940rlS3 acres of rice were sown whicfa gave 
an average yield of 13 maunds per acre. After rice gram has been 
sown in 68 acres on wadh-wattar ; bferseem in 49 acres under rabi * 
irrigation and wheat in~15'' acre? after an application of farmyard 
manure. The germination of the rabi crops is good. A soil sun'ey 
is in progress to determine the salt content and the alkalinity in tfce^ 
soil profile to enable fields to be selected for cotton and sugarcane 
for kharif, 1941. During kharif, 1941, reclamation ^will be res- 
tricted to an extra supply of three cusecs only. 

Costing accounts are being maintabed for all areas on contract 
supplies of water. As the system of cultivation and the terms with 
the tenants differ with different landlords b different localities, the 
costs vary in each case. This is the first year of reclamation on con- , 
tract, supplies b the Lower Bari Doab Canal. Costs have not been 
^ven'b this report as, from the soil sun-eys, it seems that the areas 
are only partially reclaimed and that rice should he sown again in , 
kharif, 1941. This aspect will be dealt with in the report for the 
year 1942- 

Lotccr Chenab Canal. 

On the Lower Chenab Canal extra water for reclamation had ' 
been ohtamed by Fir Diwan AU ; Eaja Xarindra Nath ; Eaja Sir 
Daya Kishan Ivaul and Gordwara Nnnkana Sahib. The chaks’ 
helongbg to these landlords are situated in the region where rapid : 
deterioration is taking place. 

Kot Diican Ali. — ^This chak belongs to Pir Di\van Ali Shab 
-and almost the entire chak has become fliur so much so that the majority ' 
•of the tenants had left the place and the village was more or less' 
■deserted. An extra supply of V5 cusecs was sanctioned and reclama* ' 
lion ‘was started in kharif, 1940. A tramed Tillage Assistant was 
posted to supervise the reclamation operations. A total area of 138*5^ 
acres was sown under rice. This gave an average yield of 14 maunds 
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per apre. The area under rice is more than could be matured on the- 
extra water-supply sanctioned. The increase in the area under rice 
IS due to the fact that the old allotted water-supply of the zemindar 
was also utilised for reclamation. This is an instance of an area where 
deterioration had reached a stage that even the normal water-supply 
could not he utilised for cultivation. During rabi the followingi 
crops have been sown 


Gram 

"Wheat 

Berseem 


Acres. 

16 

17 After an application of farm-^ 
yard manure. 

^ 16 


The condition of the standing crop is good and normal yields 
are expected. 

In this village reclamation is being done by tenants them- 
selves. They bear all the costs and get three-fourth of the whole 
produce, one-fourth being the share of the landlord. 

Ghaura Sagar . — (belonging to Eaja Narindra Nath). 

Beclamation has been taken up in this village with an extra- 
water supply of two cusecs. Aj^proximately 99 acres were put under 
rice which gave an average yield of 19 maunds per acre. During 
the rabi gram has been sown in 34 acres and wheat in 2 acres. As 
the jhona crop was harvested late it was not possible to sow any ber- 
seem. Drom the examination of the soils of the area after rice it has 
been decided that the land is only paitially reclaimed and that a fa- 
ther crop of rice should be taken. Costing accounts are being main- 
tained and will be presented in the report for the year 1942. 

‘ Chalc 236-G, B , — (belonging to Raja Sir Daya Kishen T^aul). 

In addition to the thnr girdawari Baja Sir Daya Kishen Kaul 
himself has kept a record of fields affected by thur. According to 
his records out of a total area of 600 acres, 112 acres were affected 
by tliiir in rabi, 1938-39 ; 161 acres in rabi, 1939-40 and according 
to the latest sur\’ey in 1940*41 the ihur area was 185 acres. During 
1940 Baja Sir Daya Kishen Kaul applied for an extra supply qf water 
for reclamation. As his application was received sometimes in June 
and the season was getting late for rice, he was advised to undertake 
reclamation during the year 1941. Raja Sahib was so afraid of the 
rapid deterioration that he insisted on his application being consideied 
for kharif, 1940, even though he was late to get full advantage of the 
extra, water supply sanctioned. The soil survey of the area showed 
that reclamation could be carried out with two rice crops. Two cusecs 
of extra water were sanctioned for his area and that belon^ng to 
Pandit Brij Lai Takru in the same village. This extra w’ater was not 
available till about the end of July, "With insufficient leaching, 
fore rice was sown in an area of 44 acres which gave an average yjeia. 



of IS maunds per acre. ;• During the rabf following rice, gram^- 
berseem and wheat hbve been sown. The condition of crops isi 
above normal. ' ' ■ ' 

Gurdwara Nankana Sahib . — Tho estate , belonging to the gur- 
dwara . comprises an area of 17,000 acres approximately. Out of 
this 2,850 acres have become ikur. The annual deterioration is of 
the order of about 600 acres.* The Gurdwara Committee applied for 
extra water for reclamation so that they are able to reclaim at the 
rate of the annual deterioration. As the application w’as received, 
late they W’ere advised to start a small experiment in the first year 
and extend it during the subsequent years. Duiing kbarif, 1940, two 
cusecB of extra W’ater supply was sanctioned late in the season. Bice 
was sown in an area of 76 acres which gave ar average yield of 14 
maunds per acre. , Considerable improvement has taken place but ' 
from the soil analyses it is concluded that another rice crop should 
be sowTi. During rabi following crops have been sown : — 

Acres. 

Gram .. .. .. .. 64*5 

Berseem and senji .. .. •• 

The condition of the rabi crops is good. The growth of gram 

is excellent. 


Upper Chenab Canal. 

On the Upper Chenab Canal a very small area of deteriorated 
land has been brought under reclamation by S. Sampuran Smgb, 
M.L.A., in village 10/63 on an extra supply of half a cusec of water. 
The extra w’ater-supply was not given till about the 8th of August. 
With very little preparation an area of 16 *5 acres was put under rice. 
TIjis gave an average yield of 23 mounds per acre. Dunng rabi, 
berseem has been sown in 15 acres. 


Loivcr Jhclum Canal. 


On the Lower Jlielum Canal c.xfra water suppiv Iia8 been 
sanctioned for reclamation of Oiur land in villages Slier Mol'd. Mala. 
Fntehpur, Mari and Chat 190-N. B. During klinrif, 1340, nee was sown 
in 70 acres of thur land at Slier Mobd. lYala and folIo\ymg nee, grain 
has been sown bamni wbicii is likely to give normal jneld. 


In village Jlari, rice was sown in 18 acres on O'o 
Water out of wbicb gram bas been sown m II acres after nee. llw 
gonmnation of gram is good. 

In village Fatebpur, this is llie fust ye.ar cl ^.imation. Forty 
four acres of ftiir were put under rice. Tlie condition ef land a,.tr 
rice indicates that another rice crop should be taken be.ore n'lnml 
dropping can be introduced. 
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V . B.-f/twr land has carried, two rice crops. Promi 

the condition of the standing rice crops and. from an ‘examination ot 
soils mhde previous^rabi, it was known that some fields were suitable 
for normal rotation. ,A cropping scheme was framed but "was not 
taken up by the 'landlord. “ _ ' ' 

‘ ' Upper Bari' Voah Canal 

Village ^7/nVpura.— (belonging to Baja Narindra Nath). ^ ' 

A considerable portion cf this village has deteriorated and is 
lymg in that condition for a long time. An examination of soil' pro*' 
files^ showed that the land belongs to the Kakkor type. The Baja 
Sahib "was informed that leclamation of this land will not be possible 
in less than three rice seasons. To this the Baja Sahib agreed and’ 
•stated that he would be satisfied if be is able to get an average yield 
of 10 maunds of rice from the deteriorated area. An extra water 
supply of 2*5 cusecs was sanctioned and 117 acres of nee were Bo^vn. 
The early crop of rice gave an average yield of-18'5 maunds per acre.' 
The late crop ■was attacked by the borer. As the harvesting of the 
jhona crop ■^v’as late it was not possible to sow any rabi crop?. Bice 
will be sown again during kharif, 1941. 


Aviriisor district . — In the year 1988, Mr. MncFarqubar, the 
■Settlement Officer, Amritsir, stressed the necessity for an examination 
of the soils of the district and sought the advice of the Institute 
regarding the reclamation of large tracts of banjar land which had 
-developed thnr but wiiicb Iiad been entered in the civil records as 
culturable. M Proposals and estimates for a soil sun-ey of the district 
were piopared.by Mr, MecFarquhar who fciw’arded them to Gov- 
ernment. These were not sanctioned. In the meantime Mr. Mac- 


Parquliar approached the Financial Commissioner for a start to bo 
infldo in had in tire dieinci. Vidage Ilamdnss in which 

a .compact block of banjar ilmr was present -NYas selected for experi- 
ment. A visit was paid to this village. From an oxnmination of the 
soils it was found that the deterioration had reached tlie Bakknr stage. 
The only water supply available for reclamation was either rain or 
an uncertain supply from the Kim Canal. Kim Canal is under the 
control of tlio District Board, Gurdnspnr. Bice cultivation is carried 
out on this canal but wells arc worked at times when tlie monsoon is 
poor and the supply in the canal runs short. During the rabi -shells 
are abandoned and after rice land is left fallow. 

Before undertaking reclamation on a largo area it was decided 
fhat a small experiment should ‘be carried out during kbnrh, 1910, tc 
study the conditions of the water-supply, the rainfall and the quanti- 
ties of well water required to mature rice and also tlie effect of sowing 
leguminous rabi crops following rice on the salt content ana tlio al- 
kalinity of the soil. 

9-5 ncrea of rico were sown during Ulrant, 19-10. .Wells Imd 
to bo worked for en area of 4-6 acres to mature rice. Hico 
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the remaining 5 acres was matured on rain plus any -water'tbat wasj 
available from tbe Ivim Canal, ' The area where well water was also 
used gave an avorogo yioM of 28 *4 maunds of rice. The yield of rice 
from the remainmg area was 1G‘1 mdiinds per acre. During Eabi, , 
the following crops have been sown : — 

Bet seem . . 2*5 • acres on well irrigation. 

Senji .. 1 *5 acres on well irrigation. \ ' 

, Gram 1 *5 ncics barani. < ,11 


An examination of soil profiles fiom fields after rice has been made. 
The results of analysea indicate that considerable improvement has 
taken place. The salt content and tbe alkalinitj hove been reduced 
in (he first two feet. It is proposed tc sow rice again in kharif, 1941.' 

The Chaht7iHv.U Bcclmiotion Farm . — Tub CnakanTSTiU Eeclama- 
tion Farm wTicli comprises an area of 3,60C acres was utilised for tbe 
development of methods of reclamation of various tj'pes of lana. In 
1936 under orders cf Punjab Government tbe experimental work at 
this farm was stopped and the land was handed over to a lessee. The 
lessee neglected tbe drainage s^'stem with the result that ip a portion 
of the farm tbe fielas were wholly occupied by grass and weeds. In 
theyear 1939, tbe area was resumed by Government for experimental 
^ork m connection with problems arismg out of land reclamation 
and development of new project areas. 


During rabi, 1939*40 and kl^arif, 1940, 600 acres out of tbe area 
that was neglected hy the lessee was brought under cultivation again. 
The total expenditure on tbe farm was Es. 19,000 and tbe total 
expected income Es, 83,000. 

1. General . — It has been stated in tbe introduction to this 
report that the most general characteristic of Punjab sods is the p^ 
sence of a salt-bearing layer in the soil oiust. Under irrigation the 
salt accumulates in the sod solution and travels up or down eccordmg 
to the quantity of water applied and tbe crops grown. The begin- 
iiing.of the first stage of deterioration is noticed, when the salt enters 
the root zone of crop with the deepest root system. During t 10 pas 
several years reelnraatior bas been iii progress on a number ot esta e 
“ the Lyallpur and Montgomeiy Colonies. In tlicse colonies com- 
plaints of the attocl: of tirok on Americnn cotton Imvo been 
some time. In certain parts, however, the domnge duo to t'™'' 'ms 
I'een considereble. It has been observed fliat liink ^“"S i ot ocenr 
^ cotton grown on reclaimed land adjacent to ..robiblo 

lutes observation applies to all tbo reelanned area ■, k 
explanation is that tirak is cansed by tbe presence <>r 

>0 the soil which developes as a result of s.v t riom- 

oppearance of tirak therefore, indicates the first stage o re, novo 

It land is put under rice at this stage it ^ 

*he Balt from the root zone of cotton nnd 

J-'eld but will also prevent its upward, movement and sa^o tbe lan.t 
from complete deterioration. 
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irrigation Tvill be possible. In the' Balt area it will be neoessaty to 
•determine the length of the period of leaching required to remove r 
the Balts permanently from the root zones of the various crops and 
the number of rice crops that will be required to remove ,the residual 
alkalinity. In the alkaline area the main problem avill be the number 
•of rice crops which will be required to reduce the alkalinity to a satis- 
facto^ value for the introduction cf normal cropping. Upon the 
Bolution of these two problems will depend the time required for the 
complete development of the arda. 

In ,tbe alkaline areas there is likely to be little seep.age from the 
water-courses and little difficulty in the introduction of the perennial 
■system of irrigation once the deteriorated conditions are eliminated. 
Dust stcrms in the Deiab area are likely to be a factor requiring con- 
sideration in connection with the sowing dates. 

3. Patti areas . — In this type of land, the zone of accumulation - 
of i salts and high alkalinity occurs at some depth below the surface.;! 
IVom the experience of the older irrigation projects it is anticipated 
that under normal perennial irrigation the zone of accumulation of 
salts will travel towards the surface and cause the land to become ftiir. 
The main problem to be investigated m this area will be to'compare 
the effect of perennial irrigation ns understood in the canal colonies 
and rice cultivation on the land in which deterioration is o.vpecled 
to occur. Unless a correct method of development is worked out, 
the soil conditions indicate that soil deterioration will be e.\'perienced 
in the future wiien water may not be available in sufficient quanti- 
ties to arrest it. 


■ In order to obtain information on the problems enumerated 
above, small plots of land typical of each typo have been acquired for 
experimental development on tube-well -water. It is proposed to 
add silt to the tube- well water in the same proportion as is found in 
the Indus water. The tube-wells have been sunk. It has been found 
that the sub-soil wafer at the Kundian, Bhakkar and Patti areas on 
the Bhakkai-Trimrau road are suitable for irrigation. Difficulties 
are being experienced in obtaining satisfacfoiy supplies of sub-soil 
water at the Lciah and Khushab sites. At the Loiah site the water 
at a depth of 188 feet is just suitable for irrigation. Lower down the 
water is avain unsuitable. It is proposed to install the strainer at 
a depth bot-n-ecn 120 feet and 200 feot at the Leiah site. For the 
Khushab site it is proposed to install the tube-well nearer the river 
and to bring water for irrigation to the land acquired for o.\pcrimont 
in a lined channel. 

It is expected that it will be possible to start the experimental 
■work during kharif, 1911. 

Seep'aae losses from the hed oj the proposed Khushab Draiirii.-— The 
runet Uncinoor wanted to determine the probable absorption losses 
from the bod of the proposed laiushab Branch and theweariies in windi 
Itobg would bo necessary. Soil profiles were dug from E. D. COO 



to R. ■' D. 150,000 of the proposed alignment of the’Khushab Branch 
at distances of 5,000 feet and samples taken for examination. These 
samples were examined for their texture and ior pH values and salt 
content. From tlie analyses it*was found that the soil from R. D. 
600 to R. D. 70,000 is of such a character that seepage from the 
bed and the sides will be highl^ From El D. 70,000 to R, D, 
150,000 the cla 3 r content is high so that the bed of the channel will 
be less permeable. In some portions of this reach, however, the salt 
content of the soil is high. On account of the high salt content, 
seepage will be high at the beginning hut on account of the production 
of sodium clay impermeability develop and the seepage losses 
will be gradually reduced. 

, Canals in the Thai and toind-hhton sands . — ^At ICalabagh and 
m the canal, a silt excluder and ejectors are to bo constructed. Theso 
ttill deal wth silt entering the head of the canal. In the kharif season 
dust-storms are of daily occurrence and may contribute to the silt 
load carried by the water. As it is proposed to lino the canal, the 
maximum size of the sand likely to be thrown into it is of considerablo 
importance since that will affect the rugosity, ono of the fnctore upon 
^liich the discharge will depend. To obtain information on thi^ point 
samples of sand transported by the dust-storms wore collected at 
^arlous sites. For this purpose wind»breaks wore consiructod at 
R. D. 25,000 and R, D. 200,000 of Main Lino Louer and in 
the Leiah area. These samples wore examined for particle siro and 
their distribution curves wore dra^vn. Typical cur\'es “3 

Rig. 199, 200 and 201. It appears from tlie^o cur\'Os t!ml sand 
up to a (liamoter of -G mm., may bo Dloum into 
bo expected that the material in the bed vill hn\o a uinn 

, Kasses carrying 

fhin area proposed /or irrxgahon tn fn« J "o'- , 7 i fni-n 

tho soil kJoy it became Knoiyn tbnt "l 

tlio Salt Eango" carry ralt-cbarged ot 

spread tliorasolvos on tho rod nlKnliiio e ,r.*ir\ri'i 

project. The routes of the following kn«'e^ ' 

(i) JTuun Trun:.-]t takes off n1 a 

"est of Varchha salt mines and oids m ivr J 
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table 53. 


Rmla Eftalc, Diitnct Montgomery. 

nEajMATlOX AOCODNTi 


w. 

— 

Debit. 

Credit. . 


1 


Rs. a. 

V, 

R^» A* r. 

S<tb Jose 


Tfl »*»h p»l<l to SulvDiviaionol OJhcrr, 
CoTVAt It^tXAU Khufrt. for buildint; o 
fojrrrt fn tht ttnuU-!->*t^h*r* Jlnjtd 
•npf Irofwmtrr. 

131 0 

0 


Ditla 

" 

T(t Irlrpvoi to Load Krclifflatiofi 
OEfef, f-«hofr. for m* rwi. 

X € 

0 

~ 

rSIlbJwf 

“ 

To trarrllin;; oftovoore to B. Djohsn 
|U»». Godown Irrprr for Okora tnp. 

1 6 

0 

- 

Hiili 


To ad litjonot monrrmitto Rob-Diri. i 
•tonal Officrr. UrnaU Khun!, for 
c<m»tRirtloa of m« culmt. 

l&> 0 

0 

- 

•4li*Jtt3y 

- 

To <o«t of 119 carta manare froo Pairr 
at Rr, 0 $ 0 psr cart. 

u e 

0 

- 

Xhtto 

•• 

Br amount exeraa paid to 
aional Oflit^r for nuUns ctdrrrt on 
f*tli Jour, rvftind bad. 

- 


0 9 

Diro 

- 

To additional monry amt to Sob- 
PirmionaJ Officrr for the coB*fnJo- 
tioa of pcw mlrert. 

123 0 

0 


Rtlo 

- 

To atationerv aoppfr dann^ June, 
193<t, 

1 1<> 

i 


- 

Ditto 


Toatore aopplrdonoff Juikv R‘5.’* .. 

Si 1 


” 

Jll'Jsilj 

- 

To raihray ffrifSi on S Kaga Mtvn)! 
from Kala $hah Kaloo. 

1 « 

b 


Rtta 


To raQwaT freight ot J U« 
fmtn KaVt .^hah K*l«>x 

It 

^ t 


11th Jn]^ 


To labour »n»t Mo»< cn •aod'' ' 
Jnne, ini'* 

« IS 

0 


15ti 


"Bj eo*t of 6 emptr ba*^VTt« at Bn. V> 1 -f 
each 

h 10 

6 


liti 


To vrage* to JtrtfaTj done and 

Jolj. 

It 

T) 


■»4Jay 


T»i nioBrr fvrSoT to 

t>Tfab»t. Kata !3haK KaVfA. Tor oon 
ofnco nv>! and wtw\ wdorrorn 
pil«<wn 


fi 

! 

1 




Ti'CVdowl Bm+vIVaVf^ ftc Vpi'^-arrr 
for Ubm tnp t da\-a 

0 

f>\ 

1 





Table ss—oontd. 


HI 

i 

1 

Debit. 

Credit. 



Bs. 



RS. 


19J8— (5«Ja«Z4. 





38thNoTember 

To telegram to Land Ueclamation 







Officer, Lahore. 






30th NoTembfrf ^ 

To 4 acera gnr for miring with berseem 

0 

8 

0 




seed. 






Ditto 

To exchange on cheqae from Land 
Reclamation Officer, for Ra 48>I4 0. 

0 

4 

0 



Ditto . . 

To grama from godown for bulJocls fn 

*t 

12 

0 




October, 1038. 






•9th D-cember ■> .. 

To wages to Betdara for November . . 

1 57 13 

0 



19th December .. 

To stationery supply in November . . 

1 ® 

2 

6 

.. 


aeth December 

To hire of Estate Car, 6 miles m Nov. 

0 12 

0 



ember. 

1 





Ditto 

To gram ralioo, Mda 4-12.0 m Nov. 

1 

3 

0 




ember. 

1 





'J7th D'cember - 

To laboar on works m November . . 

1 

' 

0 



19J9. 







J 2 th January 

To stationery in Docember 

0 

4 

3 



nth January 

To wages to Beldars for December . . 

14 

14 

0 



aist January 

To labour and material on works in 
December. 

2 

9 

0 ' 




To hire of Estate Car, lO miles in Dcccm. 

1 

7 

9 




ber. 



1 



3l8t January 

Bv refund from Sub-Dinsional Officer, i 




2^3 

0 •) 

Henals KhunL Bilancc from amount : 
deposited last year for construction 
of culverts. 








Ditto 

To exchange on cbetiur from Sub. 

0 

15 

a 



Dinsionsl Officer. 






- 4 th February 

To stationery in January 

0 

9 

0 



Ditto 

To stores „ „ ,, 

4 

13 

3 



ISUi.Kebruarj 

Bv cash sale of green finlder . , 




25 

2 0 

! Ditto 

To wages to BslJsrs foe Jmuarv 

15 

15 

R 



«Uh F«bfuar> 

} 

To lalxiur ami njafcnal i n works in 
January. 

0 

12 

6 



^th March 

To w ages to BelJara for 1 ebruar_v . j 

11 

4 

0 
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Table S3— oontd. , 

- >.c . 





- - 

“r 

1 — 

rr 

— 

Te»T. 




Debit. 


Credit. 





Rs. A. 

y. 

B9. 

A. 

y. 

W9—ccnid. 









- 

To tiftti'osery lo Fokiuty ^ 

0 9 

0 






To TP&gea to KbiuU Uohunsutdt 
Seldar, 6th Jioaaiy, 

: 3 

0 

- 

c 


mUarelt 


To Wbeot g««d for Mwinr, Kd». 1.20^ 
»t fig. 2. 

3 0 

0 

- 





By taab ca]« of grgea bencein .■* 



66 

4 

Cr 

iUtibKh 

- 

To etfttioneiy in U*r^ .» 

0 1 

0 

.. 



Ditto 

- 

To atores aopply in Hatch ^ 

3 12 

3 

... 



Ditto 


By cash «al« of p«en fodder .• 



IS) 


3 

Xhtto 


By gnen wheat 10 ha&»] to dairy 
bollocke, at Kau 3. 



30 

» 

0 

D>to 


By teoaota, et«., green fodder . • 



41 


0 

Ditto 


To cost of J2 naonds, Moon^i aeed 
m March at Be. 2 and empty Mg». 

26 6 

0 

- 



IHtto 


By cost of 4 eeers got twice Tosched 
^josted on cheoku^. 

" 


0 

8 

It- 

Ditto 


To wagea to laboar for Uarch 

16 6 

0 

- 



llthApra 


To cartage of btrcke for worka 

7 D 

t 

- 



Slit April 


To wagea to Allah Vio, Beldar/ fth 
April. 

2 8 

0 

- 



April 


By eoet of (rrren hereecm gold • • 



IS 

0 

It 

^tbllay 


To wagea for makmj; a cnlrert — 

G 4 

0 

- 





To etatiooery aiipply in Aprd 

0 1 

9 




Ditto 


To gtorea,4 xoaonds ammonia gnlpbate 
in April. 

17 IS 

0 




16th Ihy 


To wages to Brldara for Al^l • • 

27 0 

0 




€thU&7 


To telephone caQ to Mr. Bigahy, 
lAbore, on 1st ApdL 

1 8 

0 




JSth Kjy 


To exchange on Snh-Din‘*onaI 

Cheque. 

0 * 

0 




Ditto 


To lahonr and sUffw on worka In ApeQ 

W 1« 

6 




Cth Ja&« 

“ 

To wa;:e« to IVUam for May 

CO 11 

3 


_ 

. 




• TABLE 53 — COMD. 


1 




TtM.' ' > 

, 

r 

Debit. 

Wl 

1939— ccwcW. ^ 


Bb, a. r. 

Re. A, r. 

8tb KoTeoaber ^ 

To coat of 3 lelepbcaie tmuh caUa to 
Lahore. 

COO 

- 

Ditto j , . . 

To Tvagea to Seldars for October 

32 12 3 


14th Norember ^ 

To stationery supplied in October 

1 15 3 

• • 

Ditto 

To stores, berseem seed and herosenc 
oih etc;>i m October 

73 7 3 


iOtb Kotember 

To wood supplied for Soliagas , . 

13 2 0 


Ditto .. 1 

To labour on woris m October 

0 3 0 

- 

26th IfoTeznber ^ 

To hire of touga 1 trip in October 

0 6 0 

.. 

11th December 

To etationety supplied in Loreraber 

1 15 6 


Ditto 

To stores, berseem and acnji seed, 
sugar, etc , in Korember. 

194 8 0 , 


14th December »« 

To wages to Beldars engaged m 2Cor. 
ember. 

34 2 0 1 

- 

22zid December , 

To salary pud off to Munsiu Dewan 
Chand, Dwmber day* 

1 

9 3 0 


3lBt December .. | 

To hire of tongi I trip in ^Ol ember | 

0 6 0 

** 

1940. 1 




6th January 

To stationery m December , , 

12 0 


12th Jasuary 

JTo wages to Deldars for December . . 

ID 14 0 


15th Jasoar^r ^ 

To stores supplied in December . . 

0 11 6 


26th January 

To labour and stonn m December on 
worhs. 

6 13 6 


9th February 

Towages to JJeldars for Jaminry 

7 14 0 

-■ 

13th February 

To stationery supplied m January 

0 7 6 

- 

19th February 

To stoies m January 

SI ] 6 


2 l 8 trebmary »• 

To labour niid stores on works in Janu 
ary. 

29 11 0 


29th February 

To Sepi to carpenter for khanf, 1030 

15 0 0 


7th March 

To wage^ to labour engaged in Febru* 
ary. 

10 14 0 


jfith March 

' To cost of gur 201 cartman. . . 

2 9 6 


Ditto — 

' To stores supply in February 

3 12 0 

— ^ — 
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Table 53 — contd. 

Tfir. 

— 

JVbit. 

Cn^it. 

1940— 


Rs. j. r. 

a. r. 

I'tilfiftri 

To labour on vorka in Febrtiar; 

0 12 0 


ilJtJtirch 

To pur •«! t^ra to littk* oartmrn . . 

3 5 0 


DiiJo 

To »PotI o*od on iTOrka in kfarch . . 

12 11 0 


Ditto 

To wa^a lo labour cJunop iJtreb 

12 t> 0 


Ditto 

To itatioorry and atorra m Marth . . 

2 9 0 


iHtto 

TopratnKoU.XM* «St4^atltj 2-12 0 




In October for ttenaU Khunk 



Ditto 

TopramM«l.SId8 4-20 0 at Ra 2 12-0 

12 12 0 


Ditto 

{ft October for ftenala Kalan 



To iiboor and etorw on vorka in Martli 

SCO 


Ditto 

To aoonji aced andnhrat aretl aupplieil 

Cl ^ 0 


Ditto 

dunop ] }tar. 

1 produce receired dannp ) >rnr— 




Aoenean Kappaa. jfds 23 22 4 at 




Ita. 9 0 9 per oaund 

1 Jloonii Kappaa, Md« ICO 3* 7 at 


534 C 0 

IStti April 

Da 2 per maond 

Towhent.Udi 2 25 Oiftbeu ofcuttinp 

l« 6 0 



! aenp. 



SlthAprJ 

Byatlt of aenji and bereem 


150 10 0 

Cth Slaj 

By Dairj coat of 14 kanni l>er«reiu 


37 4 0 

Ditto 

Br tenant#, aenji and berMYni. etc , 


147 4 0 


Babi, 1939-tO. 

I 


J3tli Hay 

To labour engaged dunng AptJ 

72 0 0 i 


tith ii,j 

By boraes coat of 11 kana! tHr*eini 
at Bs 2 pir kanaU 

1 

22 0 0 

Sth June 

By cash aale bcrveni, llabi, 1P1'>4C' 

1 

4: 1 0 

24thJoBe 

By tenant# and dairj c<»»* of 


23 12 0 

Ditto 

Ltrseem, Rabi 10J9 40 



By other produce rretiiT«t for Dali 




1939 40— . . . 


1 n.'O » 4 


\\Jirot, Md# II0 20I5, laluM 



bI It# 2 t-O. aiewift rate. 

Gram, Sid# 42I-7-II. ralmd at 


bl'' 14 


it# 2.12 0, aieititto rate. 
Doraetm aeeil, ild# It '• 0 •* 


l.V 0 


It# JOp«rinaund. 
benjl aeetl, 5Id«. 117 0-0 at Da. » 


>11 0 


per nianml. ,, , „ J 

Bhooaa, Md*. 0l3.2<W»«t Dr. t -W' 
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Su?ar cane in undeterioraled area 
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GENERAL SECTION. 

The \\ork of the section, during the year, may be dealt under - 
ty,o heads, %iz., analytical Mork of a routme nature and research 
■work ^ ^ , I 

[y (a) Analytical and Advisozy Work. 

(i) Examviaiion of samples of sand to he usedfoT mahiiig cement- 
mortar for brick lining of canals, — TIio emloyment of fine grained sand 
for making cement-mortar has been eliown to be a source of weakness. 
A number of sand samples from the Haveh Main Lino -wore received 
for analysis and report as to their suitabihty for use in preparing cement- 
mortar. 

The sands ■\^ere analysed by meving. The results for a few 
sand samples have been presented in the form of summation curves 
plotted on semi-logauthmic scale m Figure 20L Mr. Haigh in his 
note dealmg with the Report of the Committee which investigated 
the Haveli Iming laid dovn the specification for defining the suitability 
oC sand for tins purpose. According to his specification, samples 
of sand having more than 3 per cent particles finer than O'OOO" and 
25 percent finer than 0*0116" might bo considered unsuitable for use 
in making cement-mortar. Tlie 0*0116*’ limit is represented in the 
figure by the- thick vertical line lunning near the centre of the figure. 
It will be seen that the majonty of tho curves indicate a greater per- 
centage of particles finer than O'OllB", 

(m) Eseannitalion of strata soil samples from Jaba Tretr.— Over 
400 soil samples, taken frem the 10 bays of the Jaba Weir, were re- 
ceived foi examination. Ihe boil samples were analysed for total 
salt content, pH, clav content on auto-disintegration (L.F.) and total 
clay content. From the results of (D.F) and total clay the lUspeision 
co-efficient was also derived. A leport, based on the lesults of ana- 
lysis of these soil samples, was submitted. 

(ill) ExaminaUon of soil samjiks from the proposed Kiln sites . — A 
very large number of soil samples v^as received from Baud Khel, 
Bhakkar, Mianwnli, Trimmu, Brain Section Quain, Tosham Sub- 
Bivision (Western Jumna Canal), etc., from the proposed kiln sites to 
report on their suitability for bnck making. These samples wore 
examined for their soluble salt, clay and calcium carbonate contents 
and on the basis of the analytical results the suitability, or otlierwiso, 
of the soils received from various places wos reported. 

(tr) T7or7. for the Land Beclamation Department , — A largo 
number of sub-soil water samples from Eajoa and Ecnala areas were 
anahsed for the Land Beclamation work. , i, 

(a) The water and strata soil samples continued to be leceitcd 
from the Karol Tube-well Project. Those were analysed and le* 
suits reported. ^ 



■' (b) 'Resear^ work. ' 

' . 1. ■Ttic conduclometric melliod of determining '(tie soluble salt 
vanleni of 'soils for ^isc in soil' suneti 'udrk . — The classification of soils 
for project and land reclamation work in the Punjab is based on the 
soluble salt coat'ent',of;soils' arid itheir-.pH. values.- In recent years 
fairly robust pH meters for field work have been evolved. The deter- 
.minatiori of the , soluble salt content of soils is, however, done gcavi- 
metrioally. , The method is laborious and necessitates the carriage 
■of an elaborate equipment in the field. There are instruments, e.g., the 
Dionic .water tester, etc., which afford a measure of the salt content 
of solutions in terms of electrical conductivity. The possibility of 
using such an instrument for measuring the conductivity of soil sus- 
pensions and the interpretation of the conductivity in terms of the 
percentage salt content of soil was e.vamined. 

A difficulty in using such a conductometric method of deter" 
mining the salt content of soil is that the relation between the elec" 
trical conductivily of solutions and their salt contents is laiown to 
the linear only in. very dilute solutions. Extremely thin suspensions 
-of soil might] therefore, have to be used. 

The effect of dilution of soil suspensions on conductivity was 
studied fora number of soils at dilations ranging from 1 : 5 to 1 : 150 
soil-water ratios.- On plotting, a parabolic relationship, analogous 
to that obtained with true salt solutions, was evident. The results 
showed that it would be feasible to adopt one pnrticluar dilution^ of 
the soil suspension and by examining a number of soils of varying 
• salt contents to dOrive the most suitable conductivity : soluble salt 
ielntionship for that soil-water ratio. 

A number of soils were c.xamincd for their conductivities at 
1:5 1 : .SO and 1 : 50 soil-water ratios. Tlie following .statistical 
relationship het-ween tlie conductivities (C) and the directly deter- 
•mined total salt content of soils (S) were obliiined 
For 1 : 5 soil susiiensions 

10^S = 0-.'U4° -f 25-4] (0 

For 1 : 30 soil siispccsions 

10% = 0-170 —2-8 (if) 

For 1 : 50 soil suspensions 


10%==0-2(:C — 0-8. (tii) 

Durin" the course of the work it wns found tliaf the condiic- 
Htclties of l-° 15 soil susiiensions divided by a thousand gave values 
equivalent to the salt content of soils directly determined, i.e., 

S = C/1000 ' ('") 
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This obsen-ation means that for 1 : 15 Boil suspeneions the 
salt content of 'a soil can bo determined from the conductivity 'value 
■without the hse of any compUcMed formula. 

To test 'the relationship (in) given above, the conductivities 
of a large number of soils at 1 ; 15 dilution soil suspension -were deter- 
mined. The results cf conductivity and total salt content determined 
directly are plotted in Figure 205. From the figure it will be seen 
tbaf the points lie fairly well along the mean line. The two lines 
running parallel to the mean line and at a distance equivalent to U i 
per cent salt content comprise almost all the points up to u _ smt 
content of 0-75 per cent. This indicates that up to a conductivity 
value of 760 the soluble salt content of soils is given by (i») subject 
to 0 . maximuta error of 0*1 percent (the actual error would he less). 
For soils having conductivity values greater than 750 : 

S “ C/1005 -h 01 (v) 

This formula is subject to a maximum error of 0*2 per cent. 

2. Tha jjhysicQ-clieinical effect of ircaiing some of the Indian 
hentaniies with sodium car&onatc.-— Many varieties of bentonites mani- 
fest swelling in contact with water. If t\ mixture of sand and any 
one of these bentonites is wetted the pores in between the particles be- 
come filled on account of the swelling of the latter resulting in de- 
creased permeability in water through the mixture. It was decided 
to exemin© the Indian bentonites to determine to whet extent th^ 
could be used for reducing the permeability of sand. 

Two of the more common varieties of Indian bentonites are 
those obtained from Kashmir and Jodhpur. The rates of permeabili- 
ty through standard sized briquettes made from mixtures of sand and 
2 per cent of the various benlomtes were measured with the help of 
the apparatus shown m Figure 206. For the sake of comparison 
^yyoming bentonite was also examined. The results of the percola- 
tion tests are given in the table below: — 

t Type of benioniie. ffate of percolation in c.c. per minute 

under 10 /ect head oj toater. 

Wyoming .. .. 0*06 

Kashmir ,, ,, ^q.q 

Jodhpur 

It is clear from the above table that whereas 'UVoraing bento- 
nite rendered sand fairly impermeable to water the two Indian variet- 
ies produced little effect. The marked difference in the rates of perco- 
lation •s\aB shown to be due to the difference in the Swelling property 
of the different^ bentonites. The amount of swelling is dependent 
upon the base in the exchange complex of the benfom'te.. It was 
shown, for instance, that -wberoas the Wyoming bentonite' had a 
mrgo percentage of sodium in its exchange complex, the Kashmir 
oentomte had calcium. 
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It waB decided to examine tlio effect of interciiango of bases 
in file exchange complex of the Indian bentonitee. This was effected 
by treating tbe bentonites 'with sodium carbonate. In bentonites tbo 
swelling which is generally several limes greater than the pore space 
is taken to be proportional to the amount of water absorbed. The 
latter was measured by a simple apparatus shown in Kguro 207. 
It consisted of a glass sintered fimnel of medium porositj' (A), tbe 
lower limb of which was connected to a micro-biu'otte (B). The portion 
below the sintered base (C) and up to the end of the graduated por- 
tion of the burette (E) was filled with distilled water. A weighed 
amount of the powdered bentonite sample previously dried at 110° C 
was spread quickly over the porous sintered base of the funnel and the 
latter lightly corked. The water absorbed during a particular interval 
was indicated by the position of the meniscus in the micro-burette. 
The progressive absorption of water by 1 gm. of bentonite samples 
treated with varying amount of sodium carbonate is plotted in Figures 
208 and 209 against the time interval. To indicate the effect of sodium 
carbonate treatment the absorption of water by an equivalent amount 
of untreated samples of the two Indian bentonites and Wyoming 
bentonites is also plotted in those figures. 

It is shown that : — 

(a) The untreated form of Jodhpur bentonite is capable 
of absorbing 3 — 1 times more water than tbe Kashmir 
variety. 

(ii) There is a progressive swelling as indicated by the in- 
creased or relatively faster rate of water absoriition 
up to a certain percentago of sodium carbonate for 
both tbo bentonites, 

(c) The effect of Na,COjtrcntment is more marked with the 
Kashmir variety. On treatment with 5'8 per cent 
Kn,CO}tluB variety of bentonite is capable of absorb- 
ing almost 15 times raoro water than tbo untreated 
samples. In tbo case of Jodhjmr bentonite the 
maximum water absorption is about double of that 
absorbed by the untreated sample. 

The following fable gives tbo rates of percolation through 
briquettes made from E.and and 2 per cent of the NojCO, treated 
samples of tbo Indian bentonites to produce their medimum swelling: 


Knsliuiir. Jodhpur. IVyouiing. 


Band and 2 per cent uutreatod bentemto 
Band and 2 prr cent treated bentonite 


•tc 

1-7 


82 

20-7 


O’OS 


F/G. Z06 
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Statistical significance of the Telatimship.—Uhe correlation 
tween V- (volume of soil 'absorbing' I'c.c. of water) and C (per cent cl 
derived statistically is given below and is represented by curve A 


17-1441 

0.= 2-149 H 

V — 3-245 




Another correlation obtained by approximation which is 
presented by curve B is aS' follows : — 


SO 

0 = — 0-5 

V^2-7 


(ii) 


It will be seen that curve B affords a better fit to the poir 
towards (the two ends. 

Limits of clay content corresponding to the volume of soil ahsorh 
1 c.c. of water. — A study of the distiibution of the points plotted 
the figure brings out four distinct zones. 

Zone A : i.e., V > 7,<C 7. 

Out of 21 cases where V exceeds 7 there are 20 which have 
clay content less than 7 per cent. Hence it may be accepted that 

V exceeds 7, C is very likely to be below 7 per cent. 

Zone B, i.e.,>V < 5, 0 18. 

Out of 54 soils having V more than 5 only in two cases does t 
valueiof 0 exceed IS. Therefore, it may be token as general that 

V is above 6, C is very likely to be below IS. 

Zone C : i.e.,>V<4, 0 26. 

Out of 86 soils having V>4, 81 soils have their clay conte 
less than 25. There are 8 sods having V <4 and having clay conte 
less than 25. Therefore, 81 cases out of 89 possess the right prop< 
ties and in 9 cases out of 10 it can bo expected that if Y exceeds 4, 
is less than 25 and vice versa. 

Zone D : i.e., V<4. 

In this zone the curve gets very flat, i.e., oven a small chanj 
in V will produce a large cl ange in C ana hence the accuracy of dote 
mination by this method is not veiy good. Out of 18 soils for whic 

V is less tiian 4, in 16 cases C is more than 25 percent. Althonj 
the indic.ition afforded by tliis method tlia' if V is less than 4, 0 
more than 26 per cent may be reasonably assumed to be correct . 
would bo preferable tbet to know the exact clay content the dircc 
determinaticn is done. 

The statistical o.xamuiation, however, proves beyond doub 
that the proposed metbod gives a reasonably good indication of tin 
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chy f’onlcnt of such s^ils as I'axe tlieir clay contents l»et^^^‘e^! 3 pei 
^ent nud 25 pei cent. A\’itl» soils Imiing clay content l)eIo^\ 3 per cent 
the blobs are not properly formed. 

E^cct of mJts in soil on d€t*'rininalion •^f clmj — The jjrtser-^e 
of fcdts h soils in evce^'s to ’2 — *3 percent Mtutos tbe re-nlt'. If is 
fairlc ea\\ to deterni'ne tlie soluble salt content of soils l)j coidncto- 
inctn’c methods in the field prior to flio determination of ct{i\. In 
cases vhere tbe salt content is liiglier than 0 2 percent the soil- can 
he gl\en a preliminary Jeaching water to romo\e the 
blit content, dried, and then their claj. content determined. 

"iVlong with the conductometric method of deteimining salt 
content of soils this method can be used in such held e\permienf- a- 
ilioicc of hiln sites, destnbiliRaticn nnd earth road e\perjinents. 

Tlic fclloning papers lm\e iK^en accepted for puhliiathai : — 

(1) The conductonietrie method f*f determining the -ohihlc 

salt content of sods for nv* m ^•ful -ur^c^ «orIx. 

(2) A compapitice slud> c»f the cfTecf certain -i il h»*(or< 

on (ho yield of vhcat m tl'c Ihmpui. 

(3) A 8tiul\ of tlie carbon: nhrogin icl iiamship of muI’ 

from the f^pna! coniferon- hicsl- d the nun»* 
lajes. 

(f) The plnsi( 0 *(h(Jni(al ctTcci'* of (retting nmiic «d (ho 
Indian bentonites vith F4Mlnmj c.irbinaic. 


s nil— M5— '«*ir i-»^ 
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